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TM 1-2R-R985-2 Section I 
Para9raphs 1-1 to 1-11 

SECTION I 

INTRODUCTION 

1-1. GENERAL.

1-2. This publication comprises the Service Instructions
for the Model R-985-AN-1 and Associated Models
·AN-3, -39, and ·39A engines, designed by Pratt &

\t'hitney Aircraft Corp, East Hartford, Connecticut.

1-3. Any instructions in this publication which are in
con.Bict with effective Bu.Aer Bulletins, Changes, Tech
nical Notes, Technical Manuals, or other BuAer or
Army directives shall be superseded by the in•
structions contained in the later publications.

1-4. DIRECTIONAL REFERENCES.

1�s. Right and left, clockwise and counterclockwise, 
upper and lower, and similar directional references ap• 
ply to the engine as viewed from the rear with the crank• 
shaft in the horizontal position and with No. 1 cylinder 
at the top of the engine. The normal direction of rota• 
tion of the crankshaft is clockwise. In the case of acces-

FIRING ORDER 

l-3•5-7-9-2•4-6-8 
M = MASTER CYLINDER 

sory drives, the direction of rotation is sp«i6ed as it 
appears to an observer facing the acttssory mounting 
pad. 

1-6. SPEClt:ICATIONS� 

1-7. Where specification numbers are given for mate•
rials, the basic specincation numbers shall be interpreted
to include the latest revisions, supplements, and amend
ments thereto.

1-8. CYLINDER NUMBERING.

· 1-9. Beginning with the top cylinder, the C)·linders are
numbered consecutively in the direction of crankshaft
rotation. Cylinder numbering, firing order, and the posi•
rion of the masterod is illustrated in [Figure 1-1 ].

1-10. FIRING ORDER.

1-11. The firing order for the R-985 aircraft engine
is as follows: 1.3.5.7.9.2-4-6•8 as viewed from the rear
of the engine [Figure 1-2].

Figure 1-1. Cylinder Numbering and Firing Order 

1 
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TM 1-2R-R985-2 Section II 
Paragraphs 2-1 to 2-5 

SECTION II 

GENERAL DESCRIPTION 

Figure 2-1. Front Case 

2-1. GENERAL.

2-2. The model R-985-AN-l engines and_ associated
models are di� drive; nine cylinder, single r,ow, mdial,
aircooled engines with built-in superchargers. The Table
of Specifications, Section III, indicates slight variations
existing among the different model engines .. The model
R-985-AN-l engine is used for the purpose of general
description. 

•·· · 2-3; The engine •is divided into nve.sections,-the Front
. Section, Crankcase Sectioo, ·cylinders,. Superch·arger. SeC. -

tion, and the Rear Section. The crankcase is made of 
forged aluminum alloy, whereas the front, supercharger, 
and rear cases are made of either magnesium alloy or 
aluminum alloy. The folJowing table lists the engine 
models having magnesium alloy cases and those having 
one or more alqminum alloy cases. 

Figure 2-2. Tltrust Bearing 

Models Having Magnesium 
Front, Supercharger, and 
Rear Cases 

R•985-AN-l 

R-985-AN-39

2-4. FRONT SECTION. 

Models Having One or 
More Aluminum Cases 

R-985-AN-3

R-985-AN-39A

2-5. The front section is an aluminum or magnesium
forging [Figure 2-1]. It supports a deep groove ball
bearing [Figuie 2...:..21 which transinits tht:tnrust ofthe

.a,propellei: from the aankshaft . to .the\�tt.Ji��:)9Bll�1� .. 
This thrust is transmitted by way of the crankcase; The 
crankshaft is located in the thrust bearing by means of the · 
thrust bearing spacer, A rocker oil manifold ring in the 
front section is part of the rocker lubricating system. 
The R-985 engine incorporates tubing in the. fronr case . for operatioa of . a hydro-controllable propeflet ancl 
either a control valve (for the two position propeller) ot 
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Section II TM 1-2R-R985-2 
Paragraphs 2-5 to 2-11 

""'. 
. 

" 
·. -" : � 

Figure 2-3. Propeller Control Tubing 

a plug with an oil transfer tube [Figure 2-3] for the con 
stant speed or hydromaric propeller, 

2-6 •. CRANKCASE SECTION. 

2-7. The crankcase is divided into two sections (Fig
ures 2-4 through 2-6]. These sections are h�ld together.
by nine crankcase bolts located between the cylinder pads.
Two main bearings, located in the crankcase front
section and rear section respectively, support the crank
shaft. The two sections of the crankcase are .machined
together. A rubber seal is·· used between each qlinder
flange and the crankcase. The cam is supported on the
cam drive gear. The tappets and tappet guides are
mounted in bosses which are an integral part of the front
section.

2-8. CYLINDERS.
2-9. The cylinders are of steel and aluminum construc
tion [Figure 2-7]. The cylinder barrels are mac�ined
from steel forgings .and have cooling fins which are an
integral part of the barrel. The cylinder head is made
of aluminum and has closely spaced cooling fins cast as
an integral part of the cylinder head. Each cylinder has

· one -inler-valve ·and ·one exhaust valve. - The inlet'--valve,-· -
, is .seated. on· a::hronze insert; the ·exhaust vat_ve is seated
on a steel i.:isen. Both inserts are sh�unk into the head·- -
casting. The proper cooling of the exhaust valve seat 
and stem is of great importance in an air-cooled engine. 
Fins are concentrated on the top and on the exhaust 
side of the hemispherical head and around -the exhaust 
port. These are the areas where it is essential to have 
the greatest amount of heat dissipation. -_-

• 

4 

Figure -_ 2-4. Cranli:con Section • -•
· .. ,::

.
:>·· . :-.... ': i.:

,:,-;,.�tt�11ii>:i(;:'. ·,

2-10, CYLINDER 'AFFLES.

_-2_::--'11. ·Pr�ssure .:type deflectors are .standard,,equi�nt. 
Pressure ba11Jing forces' if nigh vtlodty<-ftow''of' cboling 
air through arid over the fins on the cylinders, the pro
'peller builds �p a positive pressure in !ront of the engine 
cylinders ar1d:a negative pressure. in the rear of the cyl• 
inders. P"ssure · baffles have the. advantage of more 
efficient cooling with less volume of· cooling air flowing, 
thus imJ)l,'OVing the performance 0£ the engine. 

.�:,t.r,� .. -;:.-.. �'tl 

-,..;���4----·=------_,_..,._;......_ 
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TM l-2R-R98S-2 Sedion 
Paragraphs 2-12 to 2-1 
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figure 2-7. Cutaway of Cylinder 

2-12. VALVE MECHANISM.

2-13. All valve operating parts are enclosed. The rock•
ers are supported by a double row ball or roller bearings,
located in the rocker. Eighteen tappets located in- the
front section actuate the rockers through tubular
pushrods which have hardened steel ballends. These
rods are enclos:.:!d in removable, oil tight, cover tubes
held in place by a nut, seal and packing at the top and
bottom. The rockerbox covers are secured by studs and
lock nuts. A valve clearance adjusting screw is in the end
of the rocker over the valve stem. A . half ball is used
beiween the adjusting screw and the valve stem to mini
mi2:e the friction at this joint.

.. 

figure 2-8. Rear View of Cam 

cooling. The sodium turns to liquid form during engine 
operation due to the heat of the exhaust, and dissipates 
some of the heat assimilated by the exhaust valve in 
operation. A stellite face prolongs the life of the seating 
surface of the exhaust valve. 

2-15. The entire valve mechanism is pressure lubricated.
Oil enters the tappets through the guides, thence through
the pushrods and rockers. The rockerboxes of the lower
cylinders, are interconnected· and drain into a separate.
compartment of the sump. An additional. scavenge stase
in the oil pump completes the circulating system .. This
fully automatic. lubrication makes possible greatly ex•
tended operating periods.

2..::.14. Two concentric' �alve springs are used·on'"eacK':·,._ 2-li,s.--TIMING-,GEAR. - · ... ,.
valve. They are secured to the valve stem by a split cone 2-17. By means of a train of spur gears and internal
and washer. To· prevent the possibility of the valves ' teeth in the cam ring forging, the cam [Figure 2-8] is 
being dropped into the cylinders while the split cones driven at one,eighth crankshaft speed. It rotates in the 
are being installed or removed, a snapring is installed opposite direction from the crankshaft. The cam· actu• 

' on each valve. The inlet valves are solid whereas the ates all valves through two Jour-lobed tracks. It rotates. l· __ e
_

:it

..,

h

""

•

·

"" v,Iv..
, 

·�-�:

ow ,nd ,,. sodium filled fo, on the am dnVe gea,. · <edu<tioa 8'" is driv
:

····----· .. - ·-···•·-·-··--;..:_----,-···~·-'---�ililiilii���i.i...��,-� .. . --.... __ .;.;,.__,_ .. _ 
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Section fl 

Paragraphs 2-17 to 2-21 

figure 2-9. Com Drive Gear 

8 

TM 1-2R-R98S..2 

by the cam drive gear [Figure 2-9 J and is mounted wi1 
a bearing on each side. This assures perfect alignment. 

.. 

2-18. CRANKSHAFT.

2-19. The crankshaft [figure 2-JOJ is of a sing]
throw, two-piece, split pin type supported on thre
bearings. There is a roller bearing on each side of th 
throw, These roller bearings are supported in the· cram
case. There is a ball bearing in the front section whic: 
takes the propeller thrust as well as the radial load. 

2-20. Two oil jets, one located in the front sectio, 
rear plug. and the other on the top of the rear cheel 
furnish lubrication to the pistons, pistonpins, and c:yliti 
ders, in addition to the oil thrown off the masterod an1 
Jinkpin bushings, 

2-21, The weights of reciprocating and rotating part 
connected to the crankshaft are counterbalanced 1,
weights which are riveted to the cheeks of the aank
shaft [figure 2-J J J. The crankshaft is balanced stati
cally and dynamically against a: master balance weigbc
Two flyweights in the rear counterweight suppress tor 
sional vibrations developed by power impulses.

Figure 2�10. Crorilcshalt 

,··· -';··.: 

·;·.;.:�•.· -,.-· 
. -·-·· "::¼_..... .."', ·---··".'!· • ....................... --""""'--""'!
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TM 1-2R-R985-2 Section II 
Paragraphs 2-22 to 2:_27 
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' 

figure 2-J J. Counterweight 

2-22. LINKRODS.

2-23. The �asterod [figure 2-121 is of one-piece con
struction and incorporates a shrunk-in steel backed
leaded silver bearing. Eight .. I" section linkrods are
attached to the masterod by means of linkpins, fitted
tig�tly in the masterod. Each linkrod is bronze bushf!d
for the pistonpins and linkpins. Oil carried under pres
sure to the crankpin, lubricates the masterod-bearings
and also the linkpins through drilled passages. The pis
tonpin bushings are lubricated by the oil thrown off by
the masterod linkpin bushings, and oil jets.

2-24. PISTONS.

2...:25. Each piston [figure 2;_J3Jis machined· from an 
, :.,,,aluminumoalloy:,'.Jorgin8-'.,.,Each:.Jus ·five . ring .. gtooyet. · 

and is of the full skirt type. The top three grooves on 
each piston carry compression rings. The top compres
sion ring is chromium plated on the face which bears 
against the cylinder wall. The fourth groove carries dual 
oil control rings and the fifth or bottom groove carries a 
scraper ring. The pistonpin Boats in the pistonpin 
bosses and· the ·linkrod bushing. 

. 

figure 2-12. Masterod, Unlr.rod, and Related Pam 

figure 2-13. Piston . and· Rings. Assembly 

2-26. OIL . SUMP.

2-_27. The oiJ 5'l,fllP is located between cylinders No.
5 and No. 6. �e end of the sump is connected to the 
front sectiont�e other end is connected to the super• 
charger sectiob. Oil is scavenged by first stage of the 
oil p

::�tt' 
.·:••' ·;;,; . . 

'_' •. •.
·
.··•.·

·
····':.:;.: ... · ' 

,.:�:.�.::" 
••--••--� ,_,,_w-�- 2•-"• � ............ ,,:r • .,;-•"

.,.
�•�• ... :,:/_• • ...,';: ... •� .... , ... • • .......... , ... ,,. ... \,}ii11,;('tciiii;¾k ... )';; .... /� ... :t .... �.;;:fi . ..,<.: ,...,•.,.,....;,,••·•·••- •• '-c 

• • • • 
· -·- - - ~ ;, �;�� ...... ,_.� ..... --
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TM 1-2R-R985-2 Section I 
Paragraphs 2-28 to 2-21 

l. Supercharger Case
2. Staner Gear
3. Floating Gear Retaining Nut
4. Left Ma�neio Drive Gear
5. Supercharger From Bearing Cover
6. Oil Sump Rear Mount
7; Pressure Oil Tube
8. Impeller Intermediate Drive Gear
9. Floating Gear

10. - Right Magneto Drive Gear
11. Intake Pipe Boss

Figure 2-15. Front View of Supercharger Case 

• Figure 2-16. Impeller

....... 

--

� 

-�-4 

Figure 2-17. Impeller Gear Train 

figure 2-18, Intake Pipe and Related Part• 

2-28. SUPERCHARGER SECTION •. 

2-29. The supercharger section [Figures 2-14 and 
2;...1�).''�r ":'7hatmight···be-called the··rnounting section, 
supports the engine in the aircraft. It is-'attached to the 

,c�ase rear section. The impeJier [figure 2-16}, 
a(ld its gearing [figure 2-17} arc carried in this case. An 
annulus in this section receives the mixture from the 

_:impeller through a diffuser chamber. The mixture is 
{,delivered to the cylinders through tangential intake pipes 
· [Figure 2--IBJ,
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TM 1-2R-R985-2 Section II 
Paragraphs 2-30 to 2-41 

figure 2-20. Rear Case 

2-30. The impeller is of ..the high-speed centrifugal type
having a 10:1 supercharger ratio. The impeller is driven·
from the crankshaft by means of a spring coupling .loca
ted inside the rear crankshaft gear. This gear drives a
floating gear in the supercharger section. The impeller is
driven at a high rate of speed by a pair of spur gears. The
spring coupling relieves the supercharger gears of sudden
strains res_ulting from rapid acceleration or deceleration.

2-31. REAR SECTION. 
2-32. The. rear section is attached to the supercharger
section [figures 2-19 through 2-20]. This section car
ries the accessories and accessory drives. These include
two Scintilla. or Bosch magnetos, a Stromberg carbure
tor, an oil pump, an oil strainer> one or two tachometer
drives, and two vertical accessory drives.
2-33. The rear section has air straightener plates in the
elbow above the carburetor. These plates direct the mix-

, ture evenly to the impeller and to the diffuser vanes 
located on the forward face of the rear section. These 
diffuser vanes lead the mixture into the anulus in the · 
supercharger section, from which it is drawn through 

,,the intake.pipes into �� ,cylinders. 

2-34. A check valve is provided in the oil-pressure
strainer to prevent oil ftow into the engine when the
engine is inoperative.

2-35. ACCESSORY DRIVES. 
2-36 .. These accessories are grouped at the tear of· the

engine [Pigll1'e 2-19] and are driven -by three shafts 
which extend entirely through the supercharger·and rear 
sections. Each of the three shafts carries a spur gear at 
its forward end which engages a gear attached to the . 
rear of the crankshaft. The upper shaft provides a drive 
for the starter. Each of the two lower shafts drives a 
magneto by means of an adjU5table fiexible coupling. In 
addition to these shafts, fourvertical drives are provided 
for by a bevel gear-on each shaft. The upper drives are 
for two auxiliary pumps and two tachometers. The lower 
vertical shafts drive an oil pump on the right side, and 
a fuel pump on the left side. 

2-37 •. ·. JNDUCTION SYSTEM. 
2-38'. -The induction system feeding air to the carburetor
varies with different airplane installations. The gasoline

. air mixture is taken from the carburetor and passed 
directly into the rear section. A mixture thermometer 
opening is provided in the carburetor ell cover to that 
the temperature of the mixture may be determined. 

2-39 •. CARBURET.JON. 
2"'-'40."GENERAL DESCRIPTION�· · ·. 
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TM 1-2R-R985-2 Section II 
Paragraphs 2-42 to 2-42Q 

2-42. MAIN METERING SYSTEM. 
2-42A. The main metering system consists of a venturi, 
main jet, main air bleed, and a discharge nozzle. It is 
fortunate that the pressure differential in a venturi varies 
as the square of the velocity thru it while the Suid ftow 
thru a fixed orifice varies as the square root of the pres
sure drop across it. Thus, theoretically, the fuel flow 
thru a simple carburetor will vary directly as the velocity 
of the air thru the venturi, and if the density of the air 
is maintained constant in the venturi, the fuel flow will 
theoretically vary direct�y as the mass air flow. Actually, 
this theoretical condition does not strictly hold true, but 
,he fuel flow increases at more rapid rate than the 
increase in mass air flow. To correct this condition and 
assist in the vaporization of the fuel as it leaves the 
carburetor, Stromberg uses the prindpal of bleeding air 
into the fuel as it enters the discharge no:ale. This air 
bleed is known as the main air bleed and is a jet, bleed
ing air into the main discharge nozzle passage. Such a 
jet provides a constant F / A ratio throughout the· useful 
range of airflows required by the engine. The fuel-air 
ratio.can be modified as desired by the proper selection 
of the dimensions of the air bleed, main jet, and dis
charge nozzles. 

2-42B. IDLE SYSTEM. 
2-42C. It is necessary to have an idling system to take 
care of the engine at lower speeds. During idling, the 
air velocity through the main venturi is very low and 
there is not sufficient venturi suction to draw fuel from 
the discharge nozzle. At the same time, however, there 
is a very high suction on the intake manifold side of the 
m,.ro¢e and, therefore, the fuel feed is arranged to . 
deliver into this region of high suction. To utilize this 
suction, a complete discharge jet system in miniature is 
used with the fuel metering jet, air bleed, and discharge 
jet, opening into_the small air passage around the throt

. tie, formed by the slot in the idling discharge jet. Idling 
adjustment is accomplished by adjusting the idle dis
charge nozzle in connection with the throttle valve 
opening. 

2-42D. ECONOMIZER. 
2-42E. It is desirable to have- a lean mixture for maxi
mum economy at. part throttle or cruising speeds, and a 
much richer mixture for climb and take-off, for the cool
ing effect at high power. In order to obtain this change 
in mixture ratio, as the throttle is opened, various forms 
of economizer systems. are used. These, in their present 
form, are in reality enrichening devices. The NA-R9B, 
carburetor economizer consists of a needle valve, which 
is opened by the thrpttle at a predeterminc:.d thr<>ttle .· 
,position.,,and permits'a0 quantity•of,fuel·tO flow tbr-0ugh: 
the economizer jet in addition to that furnished by the 
main metering jet, to mix with the air in the carburetor. 

2-42F. MIXTURE CONTROL. 
2-42G. As the airplane ascends ,to altitude, the atmos
phere decreases in pressure and temperature resulting 

r•• '>r✓•�-��--••• '" • 

,. 

in a decrease in density, the weight of the air charge 
taken into the engine decreases with the decrease in air 
density, cutting down the power in about. the same per• 
centage. In addition, the mixture proportion delh·ered 
by the carburetor is affected, the mixture becoming 
richer at a rate inversely proportional to the square root 
of change in air density. In order to compensate for this 
change in mixture, a mixture control is provided on all 
Stromberg Aircraft Carburetors. The NA-R9B carbu
retor uses the needle valve type of mixture control. The 
needle restricts the• flow of fuel to the jets. A small 
nonle in the venturi which has a restricted passage lead, 
ing to the ftoat chamber produces the suction in the float 
chamber. When the mijture control is in full rich posi
tion, the ftoat chamber is vented to the air scoop. As 
the mixture control is gradually leaned off, the valve 
doses off the float vent which in turn lowers the float 
chamber pressure; 

2-42H. INVERTED FLIGHT. 
2-42}. Float type carburetors are designed to operate 
satisfactorily during all airplane maneuvers. During up• · 
side down flying, the float action reverses .. Fuel is 
pumped to the jets at fuel pump pressure which would 
cause the carburetors to run very rich. Check valves are 
used to restrict the tlow of fuel to the needle valve and 
to shut off the float chamber vent. Special fuel and oil 
systems are required if the airplane is to be operated 
upside down fo� a long period of time. 

2-42K. ACCEI.ERATOR. 
2-42L. For quick acceleration of the engine, a quantity 
of fuel in addition to that supplied by the main meter
ing system is required. A fuel pump, operated -by the 
throttle has, therefore, been incorporated in the design 
[Figure 2-23}. This pump gives a positive accelerating 
charge, regardless of the suction emting in the carbu• 
retor. It delivers this charge as a mo�entary spurt of 
fuel followed by a sustained discharge for a few seconds. 

2-42M. SELF-PRIMER. 
2-42N. The accelerator pwnp..on all the recent float type 
carburetors is also used for a primer. When the mixture 
control is plafed in the full lean position, a valve on the 
mixtUl'e control shaft opens, allowing the discharge from 
the accelerating pump to flow into the engine primer 
lines. 

2-42P. IDLE CUT-OFF. 
2-42Q. The idle cut-off is a pan of the mixture control 

. assembly. It consists of a valve and the necessary channels 
.drilled in .the bodies. The valve is opened during the last 

···few· degrees of· mixture control ··lever· movemenr-toward
the full lett,n · position. With valve open and the throttle
dosed, the manifold suction existing above the thI()ttle
valve is transposed directly on top of the fuel chamber
by means of a drilled passage in the body. and the fuel
flow�rough the idle system is stopped. thereby causing
th,e i:ljgine to cease firing immediately, . 
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TM 1-2R-R985-2 
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Section II TM 1-2R-R985-2 

Paragraphs 2-42R to 2-42W 

2-42R. SUMMARY. 
2-42S. The specifications or settings in jhese carbure
tors are the result of a great deal of test work conducted
by the engine and carburetor manufacturers in the
laboratory and in flight, and should not be changed
unless specific instructions are issued by the manufac.
turer. In a case where unusual operating conditions
necessitate a change, the carburetor manufacturer will
issue any necessary instructions upon application.
2-42T. IGNITION.

2-42U. IGNITION. Ignition [:'iigure 2-241 is fur
nished by a synchronized, dual, high tension, Scintilla 
or Bosch Magneto ignition system [Figure 2-25]. An 
instalJation indudes two magnetos, two distributor as
semblies, a manifold assembly [Fl9ure 2-26}, and two 
sparkplugs in each cylinder. The magnetos are mounted 
at the rear of the engine. The right magneto fires the 

18 

front sparkplug in each cylinder; the left magneto 61 
the rear sparkplug, and both plugs are fired simultari 
ously. However, since the two ignition .systems are elc 

· trically independent, satisfactory operation· will still
obtainable with reduced power should one system fa

2-42V. Dual ignition permits greater horsepower m:
put with Jess tendency of the fuel to detonate. Hii
tension current is generated and timed by the magne1
which is independent of any other accessory, therel
assuring uninterrupted performance of one of the mo
vital parts of the aircraft engine. Radiadon of unco1
trolled high frequency current emanating from the ip
tion system is minimized by encasing the entire ignitic
system with a metalli� covering known as radio shieldini 

2-42W. The magneto employs four magnetic poles. TI
poles of the rotating magneto are arranged in alterna1
polarity so that a change in the flux direction occw
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TM 1-2R-R985-2 

Figure 2-25. Scintllla Magneto 

with rotation. The nimiber of ftux reversals during one 
complete revolution of the assembly is equal · to the 
number of poles on the magnet. 1n this arrangement, 
the coil assembly remains stationary. The flux density 
depen� on the area of the magnetic pole engaged by 
the. pole shoe. The electromotive force induted across 
the windings is proportional to the rate of charge of the · 
ftux. The voltage that the magneto is allowed to develop 
is determined by the sparkplug gap dimension and the 
density of the charge in the cpinder at the time · of 
discharge.. 

2-43. STARTER. A SAE standard airaaft starter mount• 
ing ftange is provided on the rear section -for mounting 
a starter (Figure 2-19 ). 

2-44.. LUBRICATION [llgure, 2-27 and 2-28J. 
2-i:45. GENERAL Oil is circulated through the e�� 
by the three section ,gear . pump which consuts of one 
pressure and two scavenge sections (figure 2-29J. The 
pump is located in the right side of the rear case. Oil 
from the tank enters the oil pump through a port in the 
pump cover. The oil is then directed to'the pressure stage 
of the pump and from there :flows under pressure to the 

Sedlon I 
Paragraphs 2-42W to 2-4! 
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Section II TM 1-2R-R985-2 

Paragraphs 2-45 to 2-51 

BOLTS 

OIL SEAL 
RING 

SMALL 
SCAVENGE
GEARS 

\_ 
�DRIVE GEAR 

SHAF'T 

Figure 2-29. Exploded View of Oil Pump 

Figure 2-30. Oil Strainer 

oil strainer chamber, via a cored passage in the rear case. 
After entering the oil strainer chamber, the oil passes
through the strainer assembly [figure 2-30], and then 
through the spring loaded check valve. When the engine 
is not running the check valve prevents oil from seeping 
into or out of the engine. When the oil emerges from the 
check valve in the oil strainer assembly, it is diverted into 
two main branches. The Sow of oil through each branch 
is described·· separately· under :paragraphs 2-47 tltrough 
2..,,,. 

2-46. FIRST BRANCH.
2-47. The oil is directed through a passage to an annu
lus around the right magneto drive gear shaft mar bush
ing. Pan of the oil from this annulus is carried by drilled 
passages to the right accessoty drive gear bushings. 

- Here the oil enters the hollow accessoty drivl! gear shaft

22

and flows upward to the starter shaft bushing. ·Part of 
the oil from this annulus flows upward through a drilled 
passage to lubrica�e the accessory and another part enters 
the magneto ddve gear shaft and flows fo�ard to lubri-

- cate the front bushing.
2-48. Another passage carries the oil from the annulus
encircling the right magneto drive gear shaft rear bush
ing to the oil pressure relief valve, which regulates the
engine oil pressure. Bypassed oil h · returned to the inlet
side of the oil pump pressure section.

2-49. SECOND BRANCH.
2-,0. -The oil in this branch is directed to the left side 
of the rear case where the oil flow divides. Part of the 
oil enters the annulus which encircles the left magneto 
drive gear shaft rear bushing. Drilled passages from this 
annulus carry oil to the left accessory drive gear bush-__ 
ing. Here the oil enters the hollow accessory drive gear 
shaft and flows upward to the starter shaft bushing. 
Other drilled passages and tubes carry the oil to the 
vacuum pump, tachometer, and starter gears. Oil ftom 
the annulus around the left magneto drive gear shaft 
rear bushing flows upward through a drilled passage to 

· lubricate the accessory; oil also enters the shaft and flows
. forward to an annulus around the front bushing where
· it is directed by a drilled passage to the front of the

supercharger case. Here the oil provides lubrication for
;:.,ihe:.impellu ,shaftbearings. .. .. ,_ .. 

2-51. Oil for the crankcase and front section is carried
' from the. left side of the rear case through the rear and 
supercharger �e by a tube. The supercharger case oil 
pressure tube bracket suppons a tube assembly which 
transfers � y..iI to the crankcase and also provides spray 
lubricatiop, lor the floating gear and impeller intetme-

:i-�> ::;!-':'c 

,1:i:jt 
-:.--:-:-;�:,.':?! 
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TM 1-2R-R985-2 Section II 
Paragraphs 2-51 to 2-54 

Figure 2-31. Cam OJI-Feed Bracket 

diate drive gear. The-oil passes from the pressure tube 
bracket· through a series of tubes and drilled. passages 
· in the · ci1lnkcase to the cam oil feed bracke.: [Figure
2-3JJ on the front face of the·.aankcase.
2-52 • .At the cam oil feed bracket the oil is directed
into two channels. In the first channel the oil flows to
the front case where it enters the rocker oil manifold.
Hollow screws. transfer the oil to the tappets. From there
oil is forced through the pushrods to the rockers. In the
second channel the oil is forced through the cam oil
feed bracket into the crankshaft. Holes in the crankpin,
the masterod bearing, and masterod . provide for the

splash lubrication of the pistonpins, pistonpin bushings, 
and •flyweights. 

2-S3. SCAVENGE OIL

2::-54- . The surplus oil in the engine proper drains into . 
the. main sump from where it is pumped back-through 
the · scavenge pump. Oil from the rockerbox drains 
through the pushrod cover tubes to the · front case, or 
through . a system of intercylinder drains to an uddi
tional compartment in the sump from · where it is 
returned to the oil tank. The rear case oil drains through 
a tube into the supercharger case, then into the sump. 
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Sedion 111 

GENERAL 

Type 

Number of Cylinders 

Bore 

Stroke 

Piston Displacement 

Compression Ratio 

i. 
Impeller Ratio 

Impeller Diameter 

Crankshaft Rotation 

CrankshaftSpline Size 

Diameter of Mounting Bolt Circle 

Number .of Mounting Bolts 

Overall Diameter of Engine 

Overall Length of Engine 

Approximate Center of Gravity: 

Forward of Mounting Boss Rear Face 

· Distanc:e Below Crankshaft Centerline

VALVES AND TIMING 

Intake Opens 

Intake Closes 

Exhaust OpebS 

TM 1-2R-R985-2 

SECTION Ill 

SPECIFllA TIONS 

ALL MODELS 

Sinsle Row, Radial, Air-Cooled 

9 

5.1875 inches 

,.1875 inches 

985 cubic inches 

6:1 

10:l 

6.87 inches 

Clockwise 

SAE No. -30 

23.375 inches 

9 

46.25 inches 

43.05 inches 

6.88 inches 

.,;8 inch 

26 degrees Before Top Center 

7_6 ___ �egrees After Bottom Center 

· :i{ degrees · . Before Bottom Center 

International AeroTech Academy For Training Purpose Only



Exhaust Closes 

Intake Remains Open 

Exhaust Remains Open 

Cold Valve Adjusting Clearance 

Valve Timing Check Clearance 

Valve Lift: 

Exhaust 

Inlet 

IGNITION SYSTEM 

Magneto Type 

Rotation of Magneto Drive 

Magneto Speed Ratio to Crankshaft 

Magneto Blast Tube Connection 

Spark Plug Gap 

Spark Plug Types 

Spark Advance 

FUEL SYSTEM 

Fuel Required In Flight 

Fuel Inlet Connection 

Fuel Pressure Co_n,nection 

Manifold Pressure Gage Connection 

LUBRICATION SYSTEM 

Grade Of Oil Required 

Oil Tank Vent Connection 

Oil Pressure Gage Connection 

Oil Outlet Thermo. Connection 

Oil Inlet Thermo. Connection 

Breather Connection 

Accessory Oil Return to Engine 

Staner Drive: 

Pad Stud Centers 

Speed to Crankshaft 

TM 1-2R-R985-2 

ALL MODELS 

31 degrees After Top Center. 

282 degrees 

282 degrees 

.010 inch 

.060 inch 

.4687 inch ·, 

.5625 inch 

SB9RU-3 or SB9RN-3 

Counterclockwise 

1.125: 1 

.750-14 NPT 

.011 inch-.014 inch 

706SR 
RC-26S 
RB-485S 
SH-2K 

25 degrees Before Top Center 

Section Ill 

Specification No. MIL-F-5572, Grade 91/96 

.375-18 NPT 

.125-27 NPT 

.125-27 NPT 

Specification No. MIL-L-6082, Grade U00 or 1120 

.750-14 NPT 

.125-27 NPT 

.625-18 NF-3 

.625-18 NF�3 

.750-Hose 

.375-i8 NPT (Left Side of ·Sump) 

S ind.t:Jfuameter Bolt Circle 

·•.· '25

J2�t;�< :,.J: . . 
International AeroTech Academy For Training Purpose Only



Section Ill 

ACCESSORY DRIVES 

Rotation 

Generator Drive: 

Type of Drive 

Pad Stud Centers 

Rotation 

Fuel Pump Drive: 

Type of Drive 

Pad Stud Centers 

Vertical Auxiliary Drives: 

Type of Drive 

Pad Stud Centers 

Speed to Crankshaft 

Roration 

Vacuum Pump Drive: 

Type of Drive 

Pad Stud Centers 

. Speed to Crankshaft 

Rotation 

Speed to Crankshaft 

Rotation 

Tachometer Drives: 

Type of Drive 

Speed co Crankshaft 

Rotation 

DISTINGUISHING FEATURES 

MODEL R-985 -AH-l

Average Dry Weight 674 lbs

Carburetor NA-R9B 

(CARB) Setcing 18 

Starter Jaw No. of Teeth 3 

Generator Drive Ratio 1.5:l 

26 

TM 1-2R-R985-2 

ALL MODELS 

Counterclockwise 

6 internal Rectangular Splines 

5 inch diameter Bolt Circle (Square Pad) 

-AN-3

Clockwise 

11 Internal Involute Splines 

2 x 2 inch Square Pad 

16 External Rectangular Splines 

1.875 x 1.875 inch Square Pad 

1.00:1 

Counterclockwise 

12 Internal Involute Splines 

1.875' x 1.875 inch Square Pad 

1.50:1 

Clockwise 

1.00:1 

Counterclockwise 

.875-18 NS-3 Coupling 

.S0:1 

- Clockwise (Right Side)
Counterclockwise (Left Side) 

.AH-39 

682 lbs · 674 lbs

.. NA-R9B NA,-R9B 

18 18 

3 3 

1.5:1 2:1 

.AH.39A 

682 lbs 

NA-R9B 

18 

3 

2:1 
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TM 1-2R-R98S..2 Sedion IV 
Paragraphs 4-1 to 4-3 

SECTION IV 

PREPARATION FOR STORAGE OR SERVICE 

figure 4-1. Removing Packing Case Cover 

,4_-1. UNPACKING THE ENGINE.

4-2. GENERAL.

a, Engines received at operating activities have 
been prepared for storage in accordance with Spedfi-
cation MIL-E-6058. 

. 

·/ 

_ figure 4-2; Lifting 4 Sides from Base 

. cultles in handling and 111aking the envelopes more 
vulnerable to rupture. 

d. The rings on-the cover of the case a.re used only
for lifting the covei:. 

' . . 
. ,

4-3. REMOVING TH£ ENGINE IN A . 
VERTICAL POSITION. b. · When unpacking an engine, do not tum the pro• 

pellet shaft or•drain the corrosion pteventive mixture 
froin the engine. Do not· remove the carburetor mount� a. Remove the metal ·straps from the -case�·· 
ing pad cover, exhaust f'Ol't covers, or any dehydrating , b.., Attach a sling to the two rings on each side of the plugs. 

cov�r, and lift the cover from the case fr;9ure 4-ZJ 
c. Handle pliofilm envelopes at temperatures of c:a;efuUy in order to prevent damage to the carburetor, 

20oC (68°F) or higher. Lower temperatures tend to . .which is in a canon fastened inside the,packing case 
stiffen the envelope material, thereby creating diffi- ··. · ·'cover.Lift the front sides oµu:rhbtbase-[Ef9u,e 4-�. 

• ' ' • '' ::>{\'.•:'•.�•\�;.=,:�:�-• 
V I 
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Section IV 

Paragraph 4-3 

TM 1-2R-R985-2 

Figure 4-3. Remove Tape 

figure 4-4. Unscrew Protedor Cap 

c. Remove the tape [Figure 4-31 which gathers the
top of the engine protective envelope around the propel• 
ler shaft and open the envelope by cutting off the sealed 
portion. Cut off as little envelope material as possible 
se that the envelope can be reused. Unscrew the protector 

· cap and spanner -nut fFigure 4-l:,; then remove the pro•
tective envelope·and�:spacer front the :propeller·shaft
[Figure 4-SJ. · · - ·· · · ·· · 

d. Remove the nuts and lockwashers which secure
the engine to the mounting plate. Install PW A-520 Lift
ing Eye on· the propeller shaft, and· lift the engine from
the case by means of a chain hoist (two tons minimum)
[Figure 4-lJ. Roll the protective envelope down from
the engine, wipe it clean, and store it for further use�

28

.. 

Figure 4-.5. Remove Spacer From Prop Shaft 

Figure 4-6. Uft Engine With Chain Hoist 

· e ... Lower,. the engine · into . RSS-S-62000 Engine ·_Stand·
equipped with R85-P�3l300 Mounting'Plate and secure it
with the bolts, h:kkwashers, and nuts [Figure 4-7 J. 
'Remove the bags of dehydrating agent which are secured
to the c,·linders,�d remove the humidity indicator.

f. Crank �i:bed of the engine stand until the engine
is in the f!fgltt position. Attach PWA-37 Lifting Sling 
to a chamftoist and attach the hooks on the sling to die 

. i-'iiJ.¥:!;:. ' ' . . . 
. . :,. ; ;J; -,'j;.�

'.

::\�. 

::�;�;}/�f 
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TM 1•2R-R985-2 Section IV
Paragraphs 4-3 to 4-14

Figure 4-1. Engine in Stand 

two lifting eyes on the engine. Draw up on the hoist
enough to relieve the stand of the engine's weight. Re
move the nuts, lockwashers, and bolts which secure the
engine and withdraw the engine from the stand. .. 
4-4. REMOVING THE ENGINE IN A

HORIZONTAL POSITION. 
a. The procedure for removing the engine from the

packing case in a horizontal position is the same as that
described for removing it in a vertkal position up to the
point of opening the engine protective envelope. 

b. Install PW A-S20 Lifting Eye on the propeller
shaft. Lift the engine until the base of the packing case is
about 2 feet off the door, then secure a block and tackle 
or a long piece of heavy rope uound the base, and pull
the base to one side so that an edge of the base will ·come
to rest on the Boor and act as a fulcrum while: the nose
is being · lowered into the fiight position. Maintain
enough tension on the hoist to prevent the engine from
nosing over too far. 

c. Roll back the protective envelope as far as the .
supercharger section; then attach PWA-37 Lifting Sling 
to a second chain hoist (two tons minimum), and attach 
the hooks on the sling to the two lifting eyes on the
engine. Draw up on this hoist enough to  relieve the
base of the engine's weight; then remove the nuts and
lockwasbers which secure the engine to the mountipg
plate  and withdraw the engine from the case. Remove 
the protective envelope lrom the engine, wipe it dean,
and store it for further use. 
4-5. PREPARING THE ENGINE FOR 

INST ALLAffON. 

4-6. GENERAL 
4-7. The instructions for engine build up treat only
major components. lb case .any part of the following
instructions are in confiict with or superseded by the
airframe manufacturer's publications, the instructions
contained in the latter are applicable. For additional
details and specinc requirements refer to the installation
drawings for the particular aircraft involved; these draw•.
ings are. provided by the aircraft manufacturer. 
4-8. The vertical auxiliary accessory drive pads have
drilled .188 in. diameter holes for pressure oil if the pads 

\ 

' .. ,

:'·.� . � 

figure 4-8. ffan'cl Pump - Removing Oil
Fro,m Cylinder 

are o! the low type. High pads have no provisions for
pressure oil. An oil supply is available through the center
of the propeller shaft by removing a plug in the end of
the shaft. The vacuum pump pad is provided with a
.1405 in. drilled hole for pressure oil. 
4-9. When a propeller governor is used on the R-985
engine, oil under pressure should be piped from the
main oil strainer chamber to the governor. The governor
return oil should be drained to the rear section by an
external . pipe connected to the point shown on the

. Installation Drawing. . 
4-10. For lubrication requirements of various acces
sories, refer to the applicable accessory manufacturer's
instructions. 
4-11. For torque recommendations �fer to "Torque
Recommendations" paragraph 7-110, 
4-12. MIXTURE DRAINAGE. The following instruc
tions should be carried out just prior to the inidal ground
run of the engine and in no case prior to 1 week before
engine operation. If desired, the engine may be installed
in an engine.build-up stand.for depreservadon, installa•
tion of accessories, or build-up of a complete power unit.
4-13. ENGINE OPENINGS. Remove the moisture
proof coverings, containers · of dehydrating agent, and 
dehydrating plugs from the breathers and other engine
openings. · _____ ...,

[:��!��:] 
Be sure to remove yellow shipping plugs, caps,
and covers and replace with appropriate flight 
ntting when engine is .installed in an airplane. 

.4-14. CORROSION 'PREVENTIVE .'MIXTURE. Re-
. move the starter pad coyer plate; the oil outlet pro:. 

tector-.cover and all draiii plugs. Remove the sparkplug. 
· leads from the deh�tor plugs; . then remove • the 

·· · dehydrator plugs froni•tne cylinders and, with the engine
. in a vertical position,:Cal}ow the corrosion preventive mix
ture to drain frOJµ;:ih�' engine. Turn the engine over by 
hand, using PW��\\lTuming Bar, at least six complete ·· 
revolutions ,ia;,the. normal direction of rotation to f acili- · 
tate drai11ing.:�g a small inspection light, inspect the 
insides ,J>f the g-linders through the sparkplug holes «t;,/

·.·1�?. :�.-<� .. -Y,. ·\· 
.. . , . · · .. �i-��\:,•;•.;�[{i\���,.-

,l 
. 
•."i.•.·.i.\:.�-.:};/·. .

29 : 
'-. ' ._ ;:._ ... ;; : .  

;:i�i <;,,.··_· (< '.,("••·:· '"""-� �,,.,. -,�c;,-···•... ;,-���-;�:. 
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Sedion IV TM 1-2R-R985-2 

Paragraphs 4-14 to 4-23 

Figure 4-9. Remove Oil Strainer 

Figure 4-JO. Mount Starter 

make sure that the oil or mixture has not accJllllulated 

Figure 4-Jf. Align Mounting Bolt Holes 

is being tightened. Install gasket and cover. Tighten 

cover with PWA-228 Wrench. Lockwire the cover. 
4-16. WASHING THE ENGINE. If necessary, wash the
exterior of the engine with kerosene (Specification 
VV-K-211) or dry cleaning solvent (Specification 
P-S-661), being careful to keep the cleaning fluid away
Crom the ignition cable assembly. Dry the engine with 
compressed air •.

WARNING I 
Avoid prolonged breathing of solvent and kero
sene vapors and prolonged or repeated contact 
with skin-; Observe fire· precautions. Do not 
direct compressed air against skin. 

in them. If an appreciable quantity is present, remove it 4-17. ST ART ER.
with a hand pump [E;gure 4-U To insure removal of 4-18, Remove the shipping cover and gasket from the
mixture from intake pipes, process engine as follows:. engine mounting pad. 

a. If the engine is depreserved in a horizontal posi- 4-19, Check the jaw of a new-starter with engine mesh•
tion, remove the two bottom-most pipes and drain all ing jaw for size, number and slant of teeth. If sizes 
corrosion preventive mixture from them. If excess mix• differ, the starter is the wrong model for the engine. 
ture is fouod in the pipes, remove and examine the adja• Check starter to make sure it rotates in the proper 
cent intake pipes on each side of the engine, continuing - direction.

· 

towar_d the top cylinder until no excess mixture is found, 4-20. Wipe mounting pad and starter mounting fiange 
b. · When removing intake pipes, remove packing nut clean, and place a clean, dry gasket on studs; then mount 

at supercharger first, and then nuts and boltat cylinder. Staner [Figure 4-Jmand secure with washers and nuts. 
Perform these operations in reverse order when in· Note . stalling intake pipes.. 

· 

4-15. · OIL STRAINER; Remove oil strainer from oil Remove paint, dirt, grease� etc., llt:lder three 

strainer chamber [E19.;r.·,:..:.r:. Oean the s�e� ·tho;. 
' c· ,· c·--nuts--on-the tlange ·to,assure proper;,grouitding •. 

oughly. Center a new oil chamber cover gasket on cover, 4-21. ENGINE MOUNT• -

using a small amount of lubricating grease (Specification · 4-22. Two types of engine mounting may be used. In 
MJL•L•3545) on both sides of gasket. The gasket is to one case, through-bolts are used to attach mount lugs 
be installed with the smooth side toward the shoulder of to engine at the nine points of attachment on the ring. 
the cover (crimped .or asbestos-exposed side toward 4-23� .. Tbe second type of mounting uses vibration 
engine). This procedure keeps the gasket from turning isolators. The vibration isolators are not engine pa.its
and wearing a pattern into its sealing part while the plug and; therefo�, · are not covered in these instructions. 
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TM 1-2R-R985-2 Sedion 1, 
Paragraphs 4-24 to 4-31 

Figure 4-12. Tighten Mount Nuts and Bolts 

4-24. Remove the engine from the engine stand by 
means of a suitable hoist (two tons minimum) and sling.
For build up, the engine may be supported by the hoist
and sling or installed in a transportation stand Hone is
available. Align the mounting ring bolt holes with the
mating holes in the mounting bosses frigure 4-1L. In
stall the bolts and nuts; then tighten[rlgure4- 11) to 
the recommended torque, 

4--25. VACUUM PUMP. 

4-26. Remove the cover plate and the gasket from .the
engine pump pad, and wipe the pad clean. Check the
oil holes in the pad to insure free

· 
oil passage.

4-27. Remove the shipping plugs from the two ports,
and test the pump manually for freedom of operation.

4-28. Pour a small quantity of engine lubricating oil 
(Specification MIL·L-6082) into the pump ports and 
rotate drive coupling assembly several times by hand to
insure a good distribution of lubricating oil on walls,
vanes, and bearings. The pump rotor should tum freely.
1f there is evidence of binding, forward pump to overhaul.

4-29. Coat the drive spline of the pump witb. lubrkat•
ing grease (Specification MIL•L-3545). ·· 

, 4-30�, Place ··the mounting:•:gasket·· tli«tds · siipplitd ·
with the pump on the engine mounting pad studs making 
sure that the oU holes in the gasket line up with the 
oil holes in the engine mounting pad. 

4-31. Carefully mate and engage the pump drive with
the engine drive member, then secure and lockwire 
fl lgure 4-J;JJ. 

. 

r"···· 

Figure 4-13. Pump Secured and Lockwired 

. .P'-· . ' JJ!�> 
. 

·- � 
. . ·. 

.. 

Figure 4-14 .. ,Place Generator on Stud, 

Note· 
The pump may be .rob.ted !_o-the desired posi
tion · ro. facilitate completion of the . air tubing 
connections to -the pump ports. 

. 4-32. GENERATOR. 

4-33. Remove the cover plate �d gasket from the
engine mounting pad, wipe the mounting pad dean and
reassemble the gaske� on the pad. 

· 

4--34. Remove anf'paint, grease, and dirt from the
, gen.el'.a�or. flang.e, � provide. electrical>,bonding contact.
for the generatOr' mounting nu�
A-35. Coat � drive spline of the· generator with
lubricating gre.,ase (Specification MIL•L•3445).
4-36. Detemine the best mounting position for align
ment an4 · attachment of the electrkal leads. Place the

generator on the mounting studs {Figure 4-14} and 
<[/ 
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Section IV 
Paragraphs 4-36 to 4-43 

figure 4-J 5. Tighten Generator Nut• 

figure 4-16. Fuel Pump Lock.wired 

screw on the mounting stud nuts. Tighten the nuts se
curely [Figure 4-JSJ. 
�37�,,Loosen the�creM holding;dier-1,la.st .tube adapUli� � 
· swing the adapter to the required angle.
4-38. For additional details, refer to the installation
drawings provided by the aircraft manufacturer.
4-39, EXHAUST STACKS. Place the exhaust stack and 
gasket (smooth side against the cylinder) on the mount• 
ing studs;· then seOll'e with nuts and palnuts. 

32 

· figure 4-17. Drive Shalt $eat Drain Line

4-40. FUEL PUMP.

4-41. Check the part and type numbers stamped on the
pump against the specific requirements. Prepare the
pump for installation by removing the shipping block
from the flange, the Protek plug from the inlet port
and the plain plug from the outlet-'port. Oil_ flushed
pumps should be cleaned by flushing with clean dry
cleaning solvent (Specification P-s-661). Tum the drive
shaft with fingers to check freedom of pump operation.
4-42. Make certain the mounting surfaces of the pump
and engine are dean. Place a new gasket on the studs
and mount the pump. Secure with washers and nuts;
then lockwire ffir,ure 4-16]. Connect the proper fuel
lines, using an approved anti-seize thread compound
(Specification MIL-T-5544) to the inl�t and outlet pons.
R�ove the vent plug from the valve housing cover
and install the balance line which vents this outlet with
the carburetor top deck. Connect the drive shaft seal
drain line to the drain hole [Eigu,e 4-1Z].

. .(-43. During ground checks of the engine it may be
-11�ess�ry to adjust the fueLpressure.: To do this,.loosen
· ·the lock nut �d turn 'the adjusting saew clockwise to

increase the �uel pressure. or c()unterdockwise to de
, crease the p"ssure. When the locknut is tightened it may
change the,clischarge pressure slighdy, so it is advisable
to take thif condition into account when the adjustment
is being made. Make certain the lock nut is tightened
and lotkwired arter tht adjustment has been made�·
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TM 1-2R-R985-2 Section IV 
Paragraphs 4-44 to 4-51 

Figure 4-18. lmstall Carburetor - Adapter 

4-44. CARBURETOR.

4-45. Flush the carburetor through the fuel inlet open
ing with clean unleaded g a s o l i n e (Specification 
VV-G-109) and allow the gasoline to drain. Repeat this
operation until all the storage oi.l has been completely 
washed out. 
4-46. The NA-R9B carburetor is mounted on the
engine with the float chamber at the side and with the 
fuel inlet to the rear. The fuel inlet is a 3/8 inch pipe 
tap connection located at the top of the strainer �ss. 

· A 1/8 inch pipe tap primer connection is located on top
of the mixture control boss. The mixture control and 
throttle levers may be adjusted radially to any position. 
The 70 degree throttle lever travel requires a control 
rod movement of 2-9/32 inches.

4-47. Detach the carburetor mounting pad cover from 
the engine. Install the carburetor adapter OD the carbu
retor mountin_s pad, no gasket is required, and tighten 
the six nuts l.figur• 4-1[1.

4-48. Install the carburetor(no gasket) and tighten the
.imachinB nuts [figure 4:..1[1. . .

· 4-49. AIRSCOOP .AD.APTER. Install the carburetor
air intake screen assemblyusing:apsk�t on Hther side 

. of screen mounting flange. Place the ilirscoop adapter 
over the screen and secure with washers and screws; 
thet1 lodcwire. 

4-50. MAGNETO VIBRATOR AND GROUt-.'1> LEADS.
Lightly coat the magneto .ground spring connectors

with insulating compound (Specification MIL-L-8660). 
Insert a connector into the ground terminal of each 
magneto. Screw the connector cap onto the gtound ter· 
minal threads and secure with the clip. 

WARNING I 
:'°'! 

The insulating· compound contains minutely 
ground silica and mi ca which may act as irri• 
rants to the eyes and skin, When compound is 

· handled frequently� it is suggested that Bloves
be wom. 

4-51. PROPELLER GOVE RNOR [Plgure 4-20 and
Figure 4-2D When a J:>ropeller governor is required, 
either the left or right vertical auxiliary drive may be
used to mount a 35 degree angular mounted constant
sJ>eed control. Oil under pressure is piped from the main
oil strainer chamber to the governor. Return oil from
the governor is drained into the enBine rear section 
through the oil tank vent connection. Propeller control 
oil is piJ>ed from the governor to the engine front case
through an external tube. Installations calling for the 
use of a "Hydromati.c::" propeller will use a feathering 
pump and a transfer valve and cutout switch. Complete'
instructions for the installation of a propeller governor 
are given in the service manual issued. by. the. man_u
.facturer of the governor. 

· Flvure 4-1' .. Install Carburetor.·· 
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Section IV 
Paragraph 4-52 

TM 1-2R-R98S.t! ' 

PflESSURE &AUG£ 
CONNECTION 

TRANSFER VALVE AND 
CUTOUT SWITCH ADAPTER -

Figure 4-20. Schematic Governor - Hydromotic Installation 

4-52. DEPRESERVATJON VALVES, SPARKPLUGS, 
AND SPARK.PLUG CONNECTORS. 

a.· Install a Depreservation Valve(Figure 4-22] in 
- the lower most sparkplu! bole of the followin! cylinders: _

4-5-6 and 7. Refer to ' Initial Ground Run,' paragraph 
4-60, for engine operating instructions, using depreser · 
vation valves: Depreservation Valves are-useful in re· 
moving fluid from the combustion chamber and intake 
pipe of the cylinder in which they are installed. The valve
is a check valve so consttUctedas to allow complete sue-· 
tion through the intake pipe on the intake stroke and to
allow e:xpulsion of any· excess ·fluid within the com•

.. busdon_,cha_mber on the cot;npress!on· stroke.- Sparkplugs 
are to be installed in the balanceofthe sparkplug holes: 

b. Remove the sparkplugs from their s}tipping coo•
tainer. Vapor degrease, using trichloroethylene(Specifi• 
cation t.HL-T-7003), or equivalent, the sparkplugs for 
one to three minutes (a longer per iod is not harmful). 

-Vapor degreasing is desirable to clean the plugs and
remove any accumulated moisture. After inspecting the
electrode grit.p (.011-.014 inch), born� check each spark
plug on a BG M519 tester ( or-equivalent) at· 200 psi. 
Observe the plug to make certain that a st_eady spark 
occurs at the electrodes. Reject any plug that fails to 
fire steadily at 200 psi or shows any indication of the
pluls firing below the electrodes. _ _ · 

l WARNING I 
.. Avoid-prolonged.breathing of.trichlotoethylene 
· ... vapors "'1!1� · prolonged --or· <-repeated':,contact00 

with skin� Observe fire precautions.

c. Apply a light coating of graphite base anti-seize 
thread co�und (Specification MIL·T-5544) sparing!)' 
as a thin'film on !the shell threads, using a small brush 
!figure 4-2IJ. _ _· . - · · 

: , . . . . . 
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TM 1-2R-R985-2 

PROPELLER CONTROL 
UNE 

PRE§mE GAUGE 
CONNECTION 

MAIN OIL 
STRAINER HOUSING 

NSTANT SPEED CONTROL 

Figure 4-21. Schematic Governor - Constant Speed 

Sedion IV 

Figure 4-22. Depreservation Valtr1t Figure �'23. Applying Compound to Sparlcplug 

35 
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Section IV TM 1-2R-R985-2 
Paragraphs 4-52 to 4-55 

Figure 4-24. Compound to Connector with Cloth 

Never allow anti-seize compound to get on the 
electrodes since this compound is conductive 
and will short out the plug. The anti-seize 
compound must not be applied to the barrel 
end threads. 

d. Visually inspect the condition of the sparkplug
insert and make certain that the top of the sparlcplug 
hole is clean and smooth. 

e. -'Making certain that ther:e is a serviceable copper
gasket (only one) on the spatkplug, screw the plug into 
the cylinder with the fingers until the plug bottoms on 
the gasket. If the plug does not screw in easily, remove 
the plug and inspect the plug threads. Minor imperfec
tions of sparkplug threads should be corrected, where 

-possible, by using a small three-cornered file. Tighten
the plug to the 1ecommended torque, using PWA-2006,
PWA-2397, or PWA-2399 Wrench together with PWA-
2398:or PWA-2411 Handle.

f. Remove the pla_stic protector from the spatkplug
• lead connectors.

g. Wipe the hands dry; then, using a clean, dry
cloth, wipe the connector dean�· Jf necessary moisten 
the cloth. with dry deaning solvent (Specification 
P-,S-661) or. equivalent. __ ... -, 

· 

Never use chlorinated solvents, Alcohol, or

Acetone. 

36 

h. Visually inspect the connector insulator an,
spring. Do not touch with the fingers: If desired, appl 
a light film of insulating compound (Specificatio 
inL-I-8660) to the connector by means· of a dean clot 
ff igure 4-2-{]. 

I WARNING I 
The insulating compound contains m�nutely 
ground silica and mica which may act its irri• 
tants to the eyes and skin, When compound is 
handled frequently, it is suggested that gloves 
be wom. 

i. Without touching the connector insulator or sprin,
with the fingers, install the connector in the sparkplu, 
barrel. Be very careful that the connector is inserte, 
straight into the barrel and not "cocked," since this cw 
result in a cracked insulator or sparkplug barrel. 

j. Run the sparkpiug lead coupling nut down finge
tight. Hold the lead in proper position and tighten th• 
coupling nut to the recommended torque, using PWA 
1683 Wrench. Never use an open-end wrench, sine·• 
damage to the barrel insulator may result from sid1 
loading. 

k. Check the sparlcplug leads to be sure that they de
not interfere with the engine and are not twisted. 

4-53. EXHAUST COLLECTOR RING. Remove the
emaust port covers and install the exhaust collectot
ring.

4-54. CARBURETOR. If the carburetor has been pre
pared for storage, it should be thoroughly flushed. Fill 
the carburetor through the fuel inlet opening with gaso

Jine (Specification VV-G-109); then rock it back and
. forth. Remove the drain plug and allow the gasoline ttJ

drain. Repeat this procedure as many times as neces• 
sary to ensure that the storage oil has been completely 
washed. . Reinstall the drain plug and lockwire all 
necessary parts. Remove the carburetor adapter cove1 
from the engine and remove any dehydrating agent from 
die carbureto1 opening in the enginef then install the 
carburetor. 

4-55. EXTERNA_L CLEANING. If necessary, wasl:
the exterior of the engine thor1:>ughly with kerosene
(Specification VV-K-211) or cleaning solvent (Specifi•
cation P-S-661) being. careful to keep the cleaninl!
fiuid away from the ignldon manifold and magnetos.

l WARNING
<
,-�-

Avoid prolonged breathins of solvent and 
keioseri'e 'l'apors and prolonged or repeated 
-CODt.,ct with skin. Observe fire precautions.
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TM 1-2R-R985-2 Section IV 
Paragraphs 4-56 to 4-70 

4-56. MAGNETO GROUND LE.ADS. Lightly coat the
magneto ground spring connectors with insulation com
pound (Specification "tlL-1-8660). Insert a ground con
nector into the ground terminal of each magneto. Screw
the connector cap onto the ground terminal threads
and secure.

I WARNING I 
The Insulating Compound contains minutely 
ground silica and mica which may act as irri• 
rants to the eyes and skin. When compound is 
handled frequently, it is suggested that stoves 
be wom. 

4-57. INSTALLATION OF ENGINE. Raise the engine
carefully by means of a chain hoist (two tons minimum)
and guide the engine and mount into. position in the
airplane. Bolt the engine mount to the airplane. Attach
all fuel, oil, and control lines to their connections.

4-58. FUEL AND OIL TANK SERVIONG. Service
the aircraft fuel and oil tanks with the proper grade of
fuel and oil as specified in Section III. After the oil
tank has been serviced, tum the engine through several
times in order to prime the oil lines and the oil pump.

4-59. PREST .ARTJNG JNS�ECTION. Before startirig
an engine for the first time after installation, the follow
ing procedure should be observed: Check the magneto
ground wires for proper connection, Determine that the
terminal marked · GRD on the · ignition switch is con•
nected to the airplane...structure. Inspect all mounting
bolts andi,,nuts on both !_lie engine and mount to be
certain that they are tight and properly locked. Inspect
the fuel and oil pressure gages, tachometer, thermometer
and thermocouple for proper connection. Inspect all
fuel, oil, and primer lines and connections for working
order and proper connections in accordance with the
fuel-and oil system diagram and the marking on the

· fuel valves. Inspect the throttle and mixture controls for
proper connections and operate them to determine that
they function smoothly over the entire operating range.
Open the valves and operate the auxiliary pump and
check for·fuel leaks. During this latter check, the mix
ture control must be held in the Idle Cut-Off position.

4-60. INITIAL GROUND RUN.

4-61; GENERAL.

4-62. The initial run-in should preferably be made with
no cowling over the engine accessory compartment.
When practicable, keep the airplane headed into the
wind · during all ground running, It is recommended 
that all ground operation be conducted with the engine , ·
cowling installed since the overall engine cooling.� . 

t,i,; 

dependent on the airflow across the engine with cowlinE 
installed. While it is possible to maintain cylinder hea<i 
temperatures within limits at low powers without engine 
cowling, it is possible that cylinder barrel temperature! 
will be exceeded due to the reduced airflow. 

If the barrel temperatures are exceeded the oil. 
film may be destroyed with resultant rins and 
cylinder barrel da�age, 

4-63. If protector caps have not already been installed,
cap (or ground) the leads to the depreservation vain
cylinders with sparkplus terminal protector• before
rotating the propeller. Rotate the propeller at least 6
revolutions. Start the engine in accordance with the
startin& instructions set forth in paragraph 6-33 and
operates the engine at BSO rpm for approximately 30
seconds. Replace the depreservation valves with spark•
plugs and connect their leads. Refer to paragraph
7-45 and 7-46.

4.-64. INITIAL GROUND RUtUN.

4-65, Stan the engine; the-n tun the engine slowly(850
to 900 rpm) in order to accomplish a gradual wa,;m-up.
During this run it may be-necessary to adjust the carbu•

. retor idling mixture strength and idling speed as directed 
in paragraph 7-32. After the engine has been warmed 
up and is functioning normally, run it approximately 
87S rpm for 1 hour. Then increase the speed to 1600 to 
1800 rpm for· 15 minutes. 

4-66. After the precedins operation, stop the engine
and in5t>ect for leaks, loos.e nuts, and condition of parts.

4-,;67. Remove· the pressure abd scavenge oil strainer, 
inspect and clean. 

· 

4-68. Ground test sh�uld be conducted in accordance
with the instructions under 0Specific Gro�d Checks"
paragraph 6-38,

4-69. Take-off power and speed used for new and 
newly overhauled engines should he limited to the mini• 
mum practicable consistent with safety during the first 
ten hours of operation. Likewise, high power climbs, 
high BMEP lean minure cruising (high manifold pres
slire) ,and overspeeding should be avolded during this 
p'eriod._ except in case of emergency. Higher than normal 
cylinder 'temperatures may· be e'Vident.iforcthe•·fttst 
several hours of operation until rings are properly _ 
:seated, and particular care should be taken to insure 
· that specified temperature and manifold pressure limits
are not exceeded. · · 

4-70. Deleted.
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TM 1-2R-R985-2 Section IV 
Paragraphs 4-71 to 4-75 

Figure 4-26. Seal Carburetor Packing Case 

4-71. PACKING [Figure 4-25}. 
4-72. GENERAL. After the engine and accessories
have been prepared for storage, they should be packed
in the packing case. The use of a protective envelope
eliminates the need for covering the outside metal parts

with a coating of grease or other anticorrosive com
pounds. At low temperatures, the protective envelopes
tend to become stiff, thereby becoming more wlnerable
to rupture and presenting difficulties in handling. This
condition may be overcome by handling the envelopes ·· 
where the temperature is maintained at 20°c (68°F)
or higher.

Be sure that shipping plugs, caps, and covers 
which are installed on the engine in place of 
Hight equipment are painted yell�w for easy 
visual identification. 

4-73. PACKING THE CARBURETOR.
a. Place the carburetor in its original packing carton

with the moisture resistant, protective. lining. Attach the 
carburetor warning tag advising that it has been com• 
pletely slushed with preservative oil. Attach a I-pound 
bag of desiccanrs (Specification MIL-D-3464) to the 
carburetor. Expel as much_ trapped air as possible 
before sealing the lining. Seal the edge_! of the Jin• 
ing with the sealing·. iron Tfigure 4-26.. and close 
the flaps of the carton. 

b. If a protective lining is not available for use in the
canon, attach a 1 pound bag of dehydrating agent to· 
the c ar b u r e t or and wr11p the carburetor in· barrier 
material (SpedficationMIL-B-121); then wrap it in heavy 
wrapping paper and place · it in a bag of waterproof 
crepe paper. The carburetor may thien be packed securely 
in a carton. •· 

c. Secure the carburet0r packing carton to the engine
packing_casc cover with steel straps or by blocking it 
into position with wooden strips. 

Figure 4-27. Shipping Base and Cone in Position 

4-,-74. PACKING THE ACCESS9RIES. All acce1sories 
such as sparkplugs, tubes, carburetor .screens, and miscel
laneous small parts which are detached from the engine 
for shipment should be packed .in a single container with 
a moisture resistant protective lining. Insen 1/2-pound 

. bag of desiccants (Specifj�acion MIL-D-3464) and ex• 
pel as much trapped air as possible; then fold edges of 
the lining !nd seal tightly. Close and seal cover of car
ton; then secure it in the special,partition on one side of 
case� If desired, the carton may be shipped separately 
from the engine packing case. 
4-75. PACKING THE ENGINE.
. a. Unfasten and remo'#

< 
the engine from the stand, 

using PW A-520 Lifting,Jhie, and hoist with a minimum 
capacity of two tons. ·•· #''.- .. . · . 

b. Place the�support: fone on the packing case :base/ fit
ting the holes in me cone over the studs in the base .. 
Fasten the cone to the base with washers and nuts. Place 
the packing case moiinting plate in position but do not 
secure it. . . :., · . · · •,

c. Place ihe e11gi�e case base with the suppon cone}t
attached and the f?Ounting plate in position, und� !�!?/ 
engine [Figure: �21}. Carefully spread the protectJ,�•�f. . . ·.�t.

. . .-:··;;·;; ...
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Figure 4-28. Spread Envelope Inside Support Cone 

Figure 4-2P. lowering Engine onto Mount. Plate 
. 

. 

envelope inside the support cone [Figure 4l:2a J. 'l&at.:•'·
ing the large reinforcing washers over the holes in the
mounting plate.

d. Carefully lower the · engine onto the mounting
plate {Figure 4-29}, secure nuts to two opposite bolts,
raise the engine and mounting plate [Figure 4-30] and
(asten the remaining bolts to·the mounting plate;

40 

. . 

e. Cover with tape any protruding nuts, studs, or lock
wire which might damage the protective envelope.

f. Fasten two 1-pound hags of deskcants (Speci

fication MIL•D-3464) to each cylinder [Eigure 4-3[;. 
Wrap cr ep e .paper ar oun d the power sec tio n;

· then a ttaeh th� humidity indicator to the crepe paper
. · [Figure 4-32}, 

g. Lower the engine onto the cone and fasten the
mounting plate to the cone. Oean the .exposed surface
of the propeller shaft being. careful · to remove· finger
prints. Coat · the shaft thoroughly with a soft film of
corrosion preventive compound (�peclfication �C
14201).

Engine and Mount Plate
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. . .. .: . . .
. · . 

~1t9uie 4--3'1. · Fasten Dehydrative� Bogs 'io'Cyfinder · 

h. Wrap the shaft with barrier material (Specifica•
tion Mll..-B-121); then secure with tape (Specifkation 
PPP-T--60) fligure 4-3{:. Bring the proteetive enve• 
lope up around che engine. Install the . spacer {Figure 
4-341, place the envelope reinforced opening on the

Figure 4-32. Attach Humidity - Indicator In Place 
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Figure 4-34. Install Spacer 

Figure 4.::_35, Screw On Spanner• Nut 

TM 1-2R-R985-2 

Figure 4-36. Tighten Spanner Nut 

. 
. 

Figure :4-38, lndall Side Panels~ In Case 
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Figure 4-39. Accessories Attached to Cover 

Figure 4-40. Lowering Cover into Position 

propeller shaft, and screw the spanner nut [Figure 
·4"""'3.5Jtight against the'envelope[Figure04-36J� Install
the protector cap and seal the protective -envelop�" [fig
ure 4-37}1 withdrawing as much air as posihle without
shrinking the envelope tight against the engine. Fasten
the excess envelope material around the propeUer shaft.

i. Install the four side panels in the l,ase {Figure
4-38], attach the carburetor and accessories to.the pack-

Figure 4-41. Tightening Steel Straps 

Figure 4-42. Se,uring Strops With. A. 
Critnping Tool 

.:;,-
. 

ing case cover [Figur�/4-39], and lower it in position 
·'[figure 4..:..40]. P�Jwo steel srraps··over"the·top·and 

under the bottom �'sthe case, tighten [Figure 4-411,
and secure 'Vith c�'ping tool [Figure 4-42]. Pass the 
third strap arou��he case horizontally, tighten and
secure with c1��jfng tool. Place the engine log data
sheets hehindi'.lf inspection port cover and wire the

� t:. : ,' ;•. ,.· cover •. 
1:; ·•}!:[ f(t . 

. 
. . . ·j . .

.. :._;,..:...,_�..,_--.:.-....., ,_,_.___,�,;,.,,.�-., ,��: 
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Figure 4-43. Inspecting Humidity Indicator 

j. The engine should .be regularly inspected [Figure
4-33) by means of the humidity indicator,. which is a
color chart showing the safe and unsafe color ranges of
the dehydrating agent The frequency with which engines
in storage should be inspected will depend largely upon
storage conditions. This agent is a deep blue when d1y,
ranging to a Jighter blue and into pink as it becomes
moist When the reJative humidity exceeds 20 percent,
the dehydrating agent assumes an unsafe· color as shown
on the color shan. If the humidity indicator registers
unsafe, replace all old dehydrating agent and install a
new humidity indicator.

4-76 •. WEIGHT AND DIMENSIONS. The dimension11
for both domestic and overseas packing cases are 541/1 :r
54¼ x S2¾ inches. The weight of the packing case with
the engine approximates 12Sl pounds.

SECTION V 

ENGINE TROUBLES AND THEIR REMEDIES 

5-1 •. GENERAL

5-2. This section outlines the most common symptoms of
engine uoubles, their possible causes, and remedies. lt

__ · · · is iriterided to guide and expedite· the work of the trou• · 
·· :bte: ,shooter. • Lor:ati11g . and :.:corremng engine . troubles . ·

. should be accomplished by first studying the �ymptoms
carefully and then che£king each possible cause, begin
ning with the most probable, until the exact cause of the
ttouble is determined. Because some engine troubles are 
evident in only one range of engine speed, the engine's
operation should be observed at low, medium, and high
speeds, whenever possible. .•. · .

� . . 
. . 

----,-•�=· --�'"--. ·- . "---�-=-'-"'--'�,�--

. . : 

5-3. Before attempting to work on an engine which has
.been reported as faulty in ftight, consult the pilot's flight
report and all other available sources for any pertinent
information which might give a clue to the cause of the
trouble.
5�: · The term 1'trouble shoodqg", as applied to aircraft 

· engines, may be defined as the systematic and thorough
, analysis of the symptoms of engine malfunctioning in
order to asc�rtain the cause or causes and thereby to
determm,ethe proper J":emedy. Generally speaking. engine
trouble _u caused by: .· ... ·. ·.

1. Iii'iproper maintenance or operation.
2. Structural . failure; ·
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S-5. Maintenance personnel must know the engines for
which they are responsible and should conform with the
recommendations of the manufacturer, who provides
Specific Operating Instructions. If these arc conscien•
tiously adhered to, the life of the engine will be greatly
prolong� the airplane operated more efficiently, and
flight persoMel assured of greater safety. Therefore, the
necessity for care and thoroughness in the inspection
and maintenance of aircraft engines cannot be over•
stressed. Good engine operation cannot be expected if
mainrenance work is slipshod. The two major i�ems are:

1. Cleanliness.
2. Care or exactness.

S-6. Structural failures may be the result of improper
maintenance or operation. Malfunctioning of such parts
of the engine as an oil pump, pressure relief valve or
carburetor; fatigue failure due to the action of stresses
caused by forces or heat which exceed the specified Jim•
its - these and other factors result in failure.
S-7. Effective. trouble shooting follows these simple
rules:

1. A careful initial analysis of symptoms. This includes
a study of the pilot's Sight report and all other avail• 
able sources for any pertinent information which might 
give a clue to the cause of the trouble. 

2. A systematic check of each probable cause. Since
some troubles are evident in only one range of engine 
speed, the operation should be observed at low, medium 
· and high speeds.

v 3, The segregation of the cause of the symptoms to
· one or more of the systems of the powerplant installa•
tion. These systems are principally as follows:

1. THE IGNITION SYSTEM.
2. THE FUEL AND INDUCTION SYSTEM. This

�stem comprises that part of the powerplant which 
handles the air from the intake scoop to the exhaust tail
pipe and the; fuel from the tank to its mixture with air. 

3. THE LUBRICATION SYSTEM.
4. ENGINE AND NACELLE. This system includes

combustion chambers, connecting rods, �ankshaft, geil! 
trains, crankcase supports, and engine mounting. 

s. THE COOLING AIR SYSTEM. This ..system in-
cludes baffles, cowling, oil cooler, and controls. 

6. THE PROPELLER.
7. ACCESSORIES. In this category are comprehended

all electrical, hydraulic and pneumatic accessories, such 
as pumps, . starters, etc. 

s. COCKPIT CONTROLS OF ABOVE SYSTEMS.

.... 5..;.&. FUNCJION OF · THE.FUEL····SYSTEM. 
5-9. The function of the fuel system is to furnish and
ad�uate supply of clean fuel in a uniform,, continuous
fiow at the r�uired pressu.tt. Oean fuel means freedom
from water vapor, dirt or other sediment that is likely to
clog the jets or in any way to disrupt uniform metering of
the carburetor. In general, the system must be designed,

and its component parts selected for, the. particular 
requirements of the airplane. The pressure, altitude and 
the airplane maneuvering characteristics are governing 
factors. 

5-1 O. BASIC REQUIREMENTS.
5-11. The basic requirements for a satisfactory fuel sys•
tem are:

1. The maintenance of a positive head of fuel at the
carburetor with an absolute minimum of air and ,1apar 
content. 

2. The pressure should be specified for the particular
carburetor type. The Str�berg float type reciuires 4 to

6 psi. 
3. The fuel system snould be as simple. fireproof,

and foolproof as possible, with a minimum of bends, 
piping, fittings, and accessories. 

4. The system components should not be liable to
deterioration or failure due to the fuel corutituent.s. 
vibration, fow temperature or other destructive factors. 

5. The system should function during all operations
and maneuvers which the airplane might perform, and 
throughout the accelerations or decelerations which it 
might experience. 

6. Adequate accessibility should be incorporated in
the installation to permit inspection and servicing, and 
to permit replacement of any fuel system component 
without partially disassembling the nacelle or the air
plane structure. 

Mixed controls and throttles must have full 
travel and not hit the ends of the gates on 
stand. Mixture control should line up with the 
appropriate marks on stand when the control 

- arm enters the detents on carburetor. Controls
should line up in any set. position and have
freedom of movement.

Note

If strainers appear exceptionally dirty, flush
carburetor.

NOTE ON ENGINE STARTING 
First, see engine manufacture.r's instructions and the 

recommended starting procedure. In all cases of failure 
of the starting system, investigate and remedy the trou. 
bJe before making �y attempt to operate the system, 

5-12. THE USE OF THE THROTTLE IN ENGINE
STARTING PROCEDURE • 

· S-13. Throttle operation during engine start is a matter
of experience. For most engine starts, the throttle position
should never be more than ¼ open and in many cases
a "cracked" throttle is sufficient. In all cases, however,
throttle�,.,"pumping" during engine start will contribute
nothing to the ease of starting. After the preliminary
thro�e position has been established, jt .should not be

.(5 
. ·.;.··t�h_=i,,:···· 
,;;i),,c::1·-::f '#. d .'.- ' rt·•;jt ;j-'..titi((";iJ's ·ib d

0

ilt Htti':,, • 'ri« ', 1' :1· : · ·!)$;( ·4 \'· ;:i ·;► >t M":171, I'�---
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Paragraphs 5-13 to 5-17 

necessary to change this position until the engine is tun• 
ning smoothly. After an unsuccessful engine start due 
to excessive priming, with float type carburetors, the 
throttle may be used to clear the blower case of fuel 
vapors. In this case, the throttle is opened fully while 
the engine is being cranked. The open throttle prevents 
fuel being drawn through the float type idle system, 
and the cranking should be followed only with the 
switch "OFF", since the aircraft or surroundings might 
be damaged if the engine is started with throttle wide 
open. 

5-14. BASIC ENGINE STARTING PROCEDURE.
1. Battery or Power Source "Open"

Air/Intake System •·open"
Exhaust System "Open"
Cooling Air System "Open"
Fuel System "Open"
Oil System "Open"

2. Starter arm switch to ''ST ART'' position.
3. Engine selector switch to "ENGINE BEING

STARTED". 
4. Engage direct cranking starter and watch propeller

motion. If propeller shows signs of hesitation in turning, 
or stops, disengage starter and investigate. With inertia 
starters, pull through by hand .with throttle "Open''. 
and ignition "Off". 

5. Booster pump "ON".
6. After geared engine has turned freely ..for 15 to 21l

revolutions for a cold engine, or 8 to 10 revolutions fo1 
an engine which has been run within the previous two 
hours, or half as many revolutions for direct drive en• 
gines, turn ignition switch to "BOTH". This is to pwnp 
oil to gear trains and rocker boxes that have drained; 
also to clear engine of oil, fuel, and fuel fumes. 

Note 
By definition, Prop. Rev. G R . 

E . R 
= ear attongine ev. 

Rearranging, Prop. Re,vs. = (Engine Revs.) (Gear Ratio) 
No. of Blades== (Blades Per Prop.) (Prop. Revs.) 
Substituting for (Prop. Revs.) from above: No. of blades 

= (Blades Per Prop) (Engine Revs) (Gear Ratio), 

7. After switch is "ON", depress ignition boost switch
and prime as required to start engine. 

8. Move mixture control to "RICH" before or while
cranking with throttle practically closed. 

9. As engine rpm passes 500, ease mixture control
out of "IDLE" towards the "RICH" position. In some 
instances with prime still on, it may be best to allow the 
engine to smooth out at or below the lean position 
before moving the mixture control to the rich position 
and releasing the prime. 

5-15. TROUBLE SHOOTING PRESENCE OF METAL PARTICLES IN THE ENGINI.

5-1.6. SIGNIFICANCE; The presence of metal particles: on the oil screen and in the oil sump usually indicates failure
of a part within the engine. Whether the engine is suitable for further service depends upon the kind, form and the
quantity of the metal particles found. Granular metal particles in any amount greater than a trace usually indicate an
imminent part failure.

Note 
In case of an internal engine failure, metal chips and foreign material will be 
deposited throughout the aircraft oit system. If these contaminating materials are 
not removed before the replacement engine is installed, the latter will probably be 
damaged and an intenial failure result. Experience has shown that the only satis
factory method of cleaning the oil system is to disassemble it suffidentJy so that 
all surfaces where chips may be lodged can be cleaned and visually inspected to make 
sure that the foreign material has been eliminated. In particular, it is recommended 
that sufficient tubes of 'the oil cooler be removed to insure positively that all tubes 
are free of metal particles, as it has. been found that methods of cleaning which 
involve reverse or alternate flushing accompanied by shaking the oil cooler are not 
sufficiently effective. 

5-17. I TROUBLE: Metal .Particles in Screen and Sump
(Splinter. or Granular· Form) 

Note 
. A visual inspection as to color and hardness will occasionally suffice to determine· 

the 1'.ind eohnetaFpresent. 'When''visual inspection, doer not· positively ,identify the' 
metal, the kind of metal present may .be detennined by the few simple tests described 
in the following chart: 

Kind of Particle 

1. Steel
Identification 

May be isolated by means of .a permanent 
magnet. 

'Adfon Required 
Engine removal. 

-46 
. . . . 
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5-17. I TROUBLE: Metal Partlcles in Screen and Sump, Cont'd.

Kind of Particle 

2. Tin

Identification 

Identified by low melting point. Use a 
dean soldering iron heated to about 500°F 
and tinned with 50•50 solder (50"/c lead -
50% tin). Wipe off the excess solder. A 
tin particle dropped onto the heated iron 
will melt and fuse with the solder. 

Action Required_
... 

No action required. Since tin is used only 
in plating, granular tin will not be found. 

Care will be exercised to avoid excessive overheating of the iron during this test. 

3, Aluminum Presence may be determined by reaction May indic�te piston failure. Inspect cyl-
with hydrochloric (muriatic) add produc- inders by visual examination of cylinder 
ing a rapid emission of bubbles, Particle bores. Locate faulty piston with com-
will disintegrate and form a black residue pression check. If a faulty piston is found, 
(aluminum chloride). remove the engine. 

4. Silver Produces whitish fog when dropped into Silver particles in quantity indicate maste• 
nitric add. rod bearing failure, requiring engine 

removal. 

5. Copper or Bronze Produces bright green cloud in nitric add. Copper or bronze particles in quantity 
indicate· disintegration of a bushing or 
valve guide, requiring engine removal. 

5-18. II TROUBLE: Metal Flakes In Screen and Sump

Kind of Metal 
Flake Quantity and/ or Size 

.Any quantity. 

Action Required 

Engine removal 1. Steel

2. Ttn 

3. Aluminum

4. Silver

Note 

. Ring fm:z may be found in the oil sump of any normal engine or on the main oil 
screen. These very :6.ne hair-like particles are the result of normal seating of the 
piston rings. and cylinders and are not cause for any concem regarding the service- · 
ability of the engine. 

Any quantity.· None. 

Note 

Since tin is used only in plating engine parts and in 
.0005", granular tin will not � found. 

1/16'' x 3/16" or sma:Uer. 

Not over 1/16'' x 3/16" and not exceed-
ing 10 in number.• . · 

· Note 

thickness not greater than 

Engine removal not required. -Make a 
careful inspection of the cylinders by 
visual examination of the cylinder bores, 
and a compression check in an effort 'tO 
locate the faulty piston. If a.faulty piston 
is found, remove the engine. · . .

None. 

Silver is used in plating form on numerous parts. Since silver is quite soft. some 
small flakes will occasionally be released due to.the normal working oflhese parts. 
A. very small quantity of silver from the master,d bearings will make a large number
of tiny flakes as it passes through roller bearings or gears within the engine. Large
quantities of silver flakes indicate an excessive loss of bearing or plating material,
and the engine -will be removed as a precautionary measure. . . · .· · 
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5-18. II TROUBLE: Metal Flakes In. Screen and Sump, Cont'd

Kind of Metal
Flake Quantity and/or Size Adion Required 

S. Copper or Bronze 1/16" x 3/16" in size and in quantities 
not exceeding 10 flakes. 

None. This indicates normal result 
searing of bushings or valve guid 
May indicate excessive loss of plating 
bushing material. Remove engine as 
precautionuy measure. 

Large quantities. 

5-19. IGNITION SYSTEM. (Failure to Sta 

CAUSES REMEDIES 

Note 

This work need not be performed except when the housing is opened for other 
reasons or when engine malfunctioning, not attributable to other sources, is 
encountered. 

In all cases of failure of the starting system, investigate and remedy the trouble 
before making any attempt to operate the system. 

Carbon coating. 

Closed sparkplug gap. 

Worn sparkplug bushings and gaskets • 
. .

Wet sparkplug _ lead terminal sleeves. 

MALFUNCTIONING SPARKPLUGS 

Clean plugs. 

Replace plugs. Refer to pages BB, 89. 

Replace. with specified bushings and gaskets. 

Dty sleeves. 

Corroded or damaged ignition cable . Replace cable. 
caused by moisture. 

Loose wiring terminals and elbows. 

Burned shell electrodes. 

Damaged sparkplugs. 

Tighten connections. 

Replace sparkplugs. Refel' to pages 88, 89. 

Replace sparkplugs. Refer to pages 88, 89. 

NOTE ON INSTALLATION OF PLUGS 

Be sure that sparkplug inserts are clean, thn the correct sparkplug gasket or thermo
couple is installed and that sparkplug can be turned all the way down by band. Tighten 
to the CQt'rect value with a torque wrench. Plugs installed too tighdy may be dis-
torted or insulation cracked, thereby affecting engine operation. · 

Defective sparkplug lead connectors. . 

Burned. sparkplug leads, 
.
. defective igni

tion cable assembly, or moisture in the 
ignition manifold assembly. 

Clean dirty connectors· with a dean dry cloth. Replace damaged co1 
nectors • .If ne.ce.ssary,-dry-cleaning solvent (Specification P-S.661) ms 
b e  used for _deaning. Replace compound as described on page 8! 

. Make rondnuity and high voltase test on mani!old. Replace cabi 
assembly or leads, jf necessary. If continuity test shows leads to l 
unbroken, check conduit Jor moisture. If moisture is found, dry m 
conduit by loosen.in� "�dwt coupling nuts and applying heat or a 
blast. . J: .,1 . ·
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5-19. IGNITION SYSTEM, Cont'd.

CAUSES 

Note 

REMEDIES 

Sedion V 
Paragraph 5-19 

(Failure to Start) 

If a· spark cannot be obtained at the sparkplugs, trace the current from the battery 
to the distributor. Check all terminals for security. If ammeter shows a heavy dis
charge upon turning the switch, it is an indication of a wiring or ignition short. If 
no flick of the ammeter is noticed when the engine is turned over it is an indication 
of an open circuit, defective or dirty coils. 

Defective magneto ground leads. Disconnect ground lead from each magneto. Attempt to start the engine. 
If engine starts., the magneto ground system is defective. 

Note 

Check to see that ignidon switch is in "ON" position. If, failure to start is caused 
by an internally defective magneto, replace this uniL 

Defective starter. 

Insufficient cranking speed. 

.Moisture or oil in magneto or distributor. 

If the starter jaw does not advance into engagement, check for worn oil

seal and binding action between .screw. shaft and spline nut. Check the 
power source for correct voltage. Replace the control switch or relay, if 
it. is inoperative. Inspect wiring, internal and external, for possible 
grounded, shorted, or broken leads and for burned, cracked or unserv
iceable insulation. Internal wiring replacement will require overhauling 
of the starter. If the commutator is unserviceable or not concentric or 
the armature open, shorted, or. grounded, replace the starter. 

Check batteries and starter. Connect booster battery. Replace starter
and/or batteries, if necessary. · 

Clean magneto distributor rotqr: with dry cleanin8 solvent (Specifica
doo P-S-661) •. using clelltl cloth. Wipe clean with dry cloth. Check 
vent lines and screens for foreign matter. 

In order to avoid the possibility of over-lubrication or not getting . the oil exactly 
__ where it is needed as· might be the � when an oil_ can is U$Cd, the use .of. a hypo

dermic syringe is recommended. This not only assures that just the right amount 
of lubrication will be used, but .also that the lubrication is placed exactly where 
desired. . 

Dirty, burned, or pitted breaker p�ints. 

Ground manifold or lead from magneto 
ground connection to cockpit switch 
grounded. 

. Magneto incorrectly timed to engine. 

Defective booster. 

Defective wirin$. 

Shorted dielectric parts ( distributor 
heads, blocks or nngers). 

Oean points with dry cleaning solvent (Specification P-S-661), Use · 
dean, lint-free cloth. Replace points badly burned or pitted. 

Check wiring between ground connection and switch. 

Check magneto timing. Refer to pages 85 and 86 • 

Check wiring and connections. Replace defective. coil, if necessary. 

Examine wires for moisture, wear, breaks, and loose or incorrect con• 
:nections. Repair or replace wire ot connections as ne<.;essary,"""' 

This condition is started by the accumulation of acid deposits resulting 
from no.rm� operation, and from deposits'"of perspiration· and foreign 
material ·.'5 a result of handling.• It is th,erefore essential that the parts 
be lightly wiped with a dean doth af · handling .and that they are to 
be cleaned and treated when neccss · 
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5-20. FUEL SYSTEM. (Failure to Start) 

CAUSES REMEDIES 

No�• 

Check carburetor specifications and setting to be sure specifications and setting are 
for the engine make and model on which the carburetor is installed. Do not change 
carburetor adjustments until satisfactory engine operation has been. definitely estab
lished as resulting from carburetion, 

Insufficient fuel pressure. Replace fuel shut-off valves not operating; check fuel-quantity indicator 
and check fuel tanks with dipstick; replace malfunctioning indicator; 
611 fuel tank to f roper level; replace leaking lines and tighten connec
tions. Check adjustment screw on fuel pump; increase fuel pressure by 
turning adjustment screw. Check fi:iel strainer. Check fuel ftow to 
entrance of pump. Check Bow and rotation directions of newly installed 
pump. 

Lack of fuel or wrong grade of fuel. Check fuel gage. Fill tank with recommended grade of fuel. Ref er 
to page 25. 

Fuel leaks. Check lines, connections, joints and damps. 
Replace defective parts. 

Note 

· It 1s normally possible to locate a fuel leak very precisely by visual inspection while
the tanks are full. In rare instances, the exact source of the leak may be hidden nr
very difficult to 6nd. In such cases only, use of an air pressure test is indicated.

Some of the basic methods used to detect the cause of tank leaks are: 
1. The pressure ,heck, which requires drawing fuel from the tank and applying about three pounds per square

inch of air pressure while soaping th_e external surf aces. 
It is necessary to conduct the air test $000 after the tank has been drained and ventilated, because a tank that has 

been allowed to dry out thoroughly will show numerous �•622'' leaks at rivets; Brushing soap solution over these areas 
. will show small rings of foam or slowly forming bubbles. This is a normal condition and such "fizz" leaks must be 
ignored. The air test is not intended to discover leaks. but merely to locate leaks precisely in event such leakage canriot 
be traced to exact point of origin when the tanks are full. 

During air test, therefore, the bubble fluid should be applied only to the area known to be leaking fuel. The leak 
may be large enough to blow away the bubble ffuid without allowing bubbles to form. In this case, use a large soft 
bristle brush, dip it in the fluid, and draw it slowly across the affected area. The b!ush wiJJ restrict the air ftow enough 
to aJJow bubbles to form as the tip of the brush passes over the leak. 

I WARNING' 

It should be remembered, following an· air test, that the air under pressure in the 
tank is a potential explosion or fire hazard. MAKE CERTAIN THAT NO 
ELECTRICAL EQUIPMENT OR OTHER .· POSSIBLE SPARK SOURCE. JS 
OPERATING IN THE AREA NEAR THE AIRPLANE, OR ON THE AIR
PLANE, WHEN THE AIR UNDER PRESSURE IN THE FUEL TANK IS 
RELEASED. 

2. The blow-back method wherein air pressure is applied to the exit point of the leak and the internal surfaces of
the tank are soaped in order that bubbles may indicate the source of the leak. 

3. Fluores,ent dyes may be dissolved in solvents such as VarsoLand forced through the leak by low pressure air
or gi,avityT,so that.channels in4he sealing material may be detected by·the use-of black light.· 

··· · ·· 

4. Leaks in upper surface corrugations can best be detected by drawing a sliding plug through the corrugation
and filling that part above the plug with Varsol ' 

There may be additional methods to detect the presence and sou::ce 9f leaks, but aH of them require the use of 
good judgment on the part of the tank maintenance crew. The rcmovalof bubbles and blisters in the tank surfaces 
and the replacement or repair of small areas of defective material can usually be accomplished during regular 
maintenance. 
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5-20. FUEL SYSTEM1 Cont'd.

CAUSES 

WARNING I 
REMEDIES 

Section V 
Paragraph 5-20 

(Failure to Start) 

The engine should not be started with a leaking carburetor because of the .6re 
hazard involved. Defective carburetors should not be disassembled, but replaced. 

Overpriming (engine flooded). With ignition "OFF" ope� throttle fully, and, using starter intermit
tently, turn engine over. l.Jecrease priming time or strokes. 

Primer inoperative. Disconnect primer lines from distributor lmd operate primer to see if 
fuel flows from feed lines. Check primer Hnes or replace carburetor. 

· Refer to page 106.

NOTE ON THE USE Of THE ENGINE PRIMER 

Proper use of the engine primer is a matter of judgment developed from experience; 
the amount of priming required will vary with operating conditions, engine tem
perature, and general condition of the engine. Overprinting while cranking the 
engine allows fuel to exit from the exhaust system and drip to the engine shroud. 
After a short period of cranking with excessive prime, the engine .6res and ignites 
the fuel which has collected on the shroud, causing an engine compartment .6re. If 
.6te breaks out as the engine starts or after the engine bas· started, keep the engine
running. 

· 

Incorrect mixture control setting (mix- Adjust throttle and mixture controls. 
ture too lean). 

Note 
Before making an idle adjustment, and expecting to have good results, it is understood 
that the engine must be in good condition, namely: (1) Good rompr�ion on all 
cylinders; (2) Clean ignition, correctly timed; (3) Good fuel and induction system. 

Carburetor loose or leaking at the mount
ing fiange. 
Carburetor floods. 

Contaminated fuel ( water in fuel or 
incorrect grade of fuel). 

Clogged fuel lines. 

Excessive booster pump operation. 

. Air leaks ot restrictions· in induction 
systen 

Blown or leaking gaskets. 
Bli5tered or cracked manifold. 

Rectify external leaks, if possible. If leaks are internal, replace the 
carburetor. Refer to page 106. 

Place engine throttle lever in the idle position. If carburetor continues 
to flood while star�g, replace car_buretor (Refertopage 106]; check the 
fuel pump pressure before replacing with new carburetor. Check float 
level. 

Drain and refill with correct grade of fuel. Refer to page 25. 

··Locate dogged lin�, remove, elem, and reinstall.
Engine starting experience, especially in regions of extremely high
ambient tempera� where short stop-overs do not allow engine to
cool down adequately before being restarted, has shown that more suc
cessful engine starts can be achieved. if booster pump operation is
limited to a very short period prior to cranking the engine. Limited
booster pump operation will, under these cirgimstances, . provide· suffi.
cient fuel vapor mixture and minimize the possibility of overloading
the engine.
Check security of ducts, carburetor and/intake pipes; check main air
scoof for restricrions;·1:heck air indu�on · by�pl-ff ,·alve ior operation.
Tighten all loose connection5. Check/carburetor air filters for foreign 
matter, Remove restrictions caused 'by foreign material •. lf necessary,•
:replace air induction by-pass valve. ·"Check security of carburetor and
intake pipe nuts. ··· ,, · · I 

Replace gaskets.
Replace manifold.
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Sedion V TM 1-2R-R985-2 

Paragraphs 5-21 to 5-22 

5-21. IGNITION SYSTEM. (Rough Running: 

CAUSES REMEDIES 

Note 

Magnetos, ignition wire and sparkplugs give very little trouble, if they are clean and 
installed correctly. 

... 

Defect.iv<: sparkplugs. . Determine what plugs are defective by magneto check. (Refer to pa1 
77.) Remove plugs and replace them with new or reconditioned plug 

Defective sparkplug lead connectors. Clean dirty connectors with a clean dry cloth. Replace damaged con 
nectors. If necessary, dry cleaning solvent (Specification P-S-661 
may be used for cleaninJ, Replace compound as directed on page 89 

The following cautions should be observed when deaning sparkplugs: 

1. Never attempt to disassemble ceramic type plugs.
2. Align ground (side) electrodes with the indicator marks on the bottom of

the correct size adapter, 
3, Always bold down adapter and plug with one hand when cleaning plugs in 

Sparkplug Cleaner . (blast).
4. Do not hold hood of cleaner ( or control valve) in AIR BLAST position or

CLEANING BLAST position for more than three seconds at a time. Complete 
entire cycle (all notches on adapter); then remove plug and examine. If still dirty, 

. repeat procedure, but only as much as necessary to remove deposits.
S. Do not attempt to remove deposits by the use of pick.
6. Brush plug base threads with dry cleaning solvent (Specification P·S-661)

after blasting. 

Mote 

Extreme caution should be used in cleaning plugs having mica shielding barrel 
insulators to prevent solvent from coming in contact with the mica: Keep inside. 
of barrel dry. 

Moisture or oil in distributor.· Clean distributor rotors with dry cleaning solvent (Specification 
P-S-661), using clean cloth. Wipe clean with dry cloth. Check vent
lines and scre en !or foreign ma_ner.

Magneto incorrectly timed to engine. 
Dirty, burned, or pitted breaker points. 

Check magneto timing. Refer to page 85. -
Clean dirty points. Replace points badly burned or pitted.

Note 

Ignition troubles commonly result from neglect in periodical inspection o f  breaker 
points, distributor brushes, distributor segments, spark.plugs, terminal connections
and condition of batteries. - - · 

5-22. FUEL AND · INDUCTION SYSTEM. (Rough Running) 

Leaking connections. 

Carburetor leaking. 

Tighten or replace connections. 
., 

Repair external leaks; replace carburetor, if leaking internally. Refer to 
· page 106.

Vapor in fuel system. · .. Remove vent plug from carburetor, place mixture control in "Rich",
and operate booster pump until fuel spurts from vent; then reinstall 

52 

· · · vent plug.

No,e 

Vapor lodds the partial or complete interruption of fuel Sow due to the presence of 
air water vapor and fuel vapor in the fuel feed system. The occurrence of vapor Jock 
depends on the fuel characteristics. the pressure chop in the fuel feed system, the wpor 
handling capacity of the fuel system, and particularly the vapor pressure at the fuel 
temperature in the tank. · · 

:·.Y·>·· 
,,,:.,�J;.�;�,· .. 
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5-22. FUEL AND INDUCTION SYSTEM, Cont'd.

CAUSES REMEDIES 

Some l'IUlses of fuel boiling and 11apor lode are: 
1. At low altitude; vapor lock has occurred due to negative: pressure in the fuel tank.
2. The vibration of piping forces air out of solution.
3. Traps in the fuel system.
4. Heat input by pump and engine to fuel

Section V 
Paragraph 5-22 

(Rough Running) 

5. Sharp bends, elbows and large numbers of threaded connections which cause exceuive pressure drop in
the system. .. 

6. The use of long pipes and small diameter fue l pump suction pipes is most critical, since absolute pressun
in them is lowest in the system, · 

7. Leakage of air into pump section which reduces pumping capadt)' or I� of prime.
B. When the rate of fuel ftow through the pipes is much less than 130 fL/min., vapors and air separate

from the fueJ at local restrictions and any sharp edges. 
9. Rates of .ftow much higher than 130 ft./min. .result in uaneccssarUy high line loss. At these velocities ·

· trouble may also occur from fuel hammering at the time when the throttle is closed. 
10. Air may enter the fuel line with the fuel at th_e tank outlet when the level is low and the fuel agitated.

A vortex may also exist at the tank outlet which would draw air into the fuel line. 
Some remedies for vapor lode troubles me III follows: 

1. Reduce the pressure drop between the tank and the pump.
2. Use an auxiliary booster pump in each tank in addition to engine pump.
3. Supercharge the fuel tank.
4. Use short pipes leading downward from .the tank to the strainer and upward from the strainer to the

.pump. 
5. All openings in pumps. valves, tanks and fittings should be of a size equivalent to- that of the tubing

required and _have no abrupt change of area. 
6. Eliminate leakage. This may be checked .. by sealing the tank outlet and maintaining 12 psi suction at the ·

fuel pump inlet. · 

7. Place a grid or straightening vane in the tank at the fuel oudet.
B. Use combination of moderate tank pressure in addition to the pressure developed by electrically-driven

·booster pwnps in each header tank.

Cogged carburetor strainer.

Improper grade or contaminated .fuel. . 

Air leaks in induction system (blown or 
leaking gaskets). 

Defective pumps (insufficient fuel flow). 

Vibrating flexible fuel lines. 

Carburetor setting and intake scoop not 
matched. 

Fluctuating f11el p�ssure. 

Incorrectly adjusted carburetor control 
linkage. 

Air leaks . or restrictions. 

Remove and clean strainer. 

Drain. system and refill; 'dean strainers. 
' 

Replace ,gaskets. 

Replace defective pumps. 

Tighten loose lines. Replace, if necessar,y. 

Replace with recommended parts. 

_Check fuel :gage to . make sure .tanks are full ... Check operation of fuel 
and booster'pumps;-Repair or' replace pumps; if n.ecessaty; 

Adjust linkage so that movement of cockpit controls results in corre
sponding correct mov�tnt of throttle and mixture control levers. 

. �•-

Check air scoop for (�reign matter. Check securit)' of carburetor and 
intake pipe nuts. q&k for loose or disconnected primer lines. 

:·.-,,; 
' 

.. !-
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Section V 
Paragraphs 5-23 to 5-24 
5-23. PROPELLER.

CAUSES 

Sludge in the dome. 

TM 1-2R-R98S-2 

(Rough Runnin 

REMEDIES 

if the condition is not corrected by moving propeller ,co;trol from fi 
INCREASE RPM to full DECREASE RPM several times, with engi1 
running and oil hot, remove propeller dome and clean it out thorough! 

Note 
A rough propeller may c2use excessive vibration. 'When this condition is due to the 
propeller itself, the cause u�ually lies in the blades and not in the propeller blade 
operating mechanism. 

Scarred or. damaged bJades. Visually inspect blades for darrJtge. Repair or replace damaged pari 
Blades out of track or not all set at �ame 
angle. 
Loose propeller shaft nut. 

Malfunctioning engine. 

Unbalanced propeller. 
Faulty operation of  propeller  o r  
governor. 
Loose or broken engine flexible mount• 
ing bracket. 
Loose· exhaust collector ring. 

5-24. ENGINE.

Sticking intake valves. 

Broken valve springs. 
Worn or broken piston rings, cracked 
piston or cylinder head. Burned piston. 
Improper valve clearance. 

Check blades for correct tracking. �heck blade angle at correct statlo. 
Set blades at correct angle. 
Remo,·e propeller and examine all parts for damage. Check engil 
thrust bearing nut for correct torque. Tighten shaft nut to proper torqu 
Test engine with propeller assembly of the same type which has bee 
taken off an airplane that is operating correctly. If roughness still exis 
after testing with substitute propeller, check engine for proper operatio1 
Replace propeller. 
Refer to manufacturer's applicable publications. 

Tighten loose flexible brackets to their proper torque. Replace broke 
brackets. 
Tighten loose nuts. 

(Rough Runnins 

Generally caused by carbon or lack of lubrication. Lubricate stickin 
valve. Replace cylinder, if necessary. Refer to pages 97 through .IOI. 
Install new springs. Refer to page 103. 
Locate by compression test. Replace piston and cylinder assembly. Refe 
to pages 97 and 98. 
Adjust valves. Refer to pages 81 and 82. 

Note 
Check the installation of the eQgine. Check tightness of the mounting bolts and 
soundness of the mounting lugs. 

Loose intake manifold or defective Intake manifolds should be checked periodically for looseness. 
gasket. 

Note 

A loose intake manifold or defective gasket will cause the cylinders to which the 
manifold is connected to operate unevenly at the lower engine speeds. 

Broken cam lobes. 
Broken tappet roller. 
Stuck tappet. 
Broken tappet guide. 
Broken pushrod. 
Broken rocker arm. 

5,4 

Return engine to overhaul. 
. Retum,sengin-e- 10 ov�rhaul. · 
Return engin� to overhaul. 
Return engine to overhaul. 
Replace pushrod. Check valves and valve guides for sticking. 
Replace rockerarm. Inspect valves and pushrods. · · 
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A-1. GENERAL.

TM l-2R-R985-2 

APPENDIX I 

GOVERNMENT SPECIFICATIONS 

ustd in servicing engines. 

Appendix I 
Paragraphs A-1 to A-2 

a. This appendix is included for the purpose of list•
ing specifications of various materials. The table will be 

b. Products procured under the5e specifications are
acceptable for use by the U.S. Army. 

A-2. TABLE OF GOVERNMENT SPECIFICATIONS.

Specification
No. 

MIL-G-5572 

MIJ...L-6082 

MIL·C-14201 

MIL-C-6529 

MIL-T-SS44 

P-S-661

MIL-1-8660 

PPP-T-60 

MIL-B-121 

VV-K-211

VV•G-109 

MIL-D-3464 

MIL-T-7003 

MIL-L-3545 

Title 

Gasoline -Aviation 
Grade 91/96 

Oil-Lubricating 
Grade 1100 
Grade 1120 

Compound-Exterior 
Corrosion Preventive 

Compound-Corrosion 
Preventive 

Thread Compound 
-Anti-'seb:e

Solvent; Dry Cleaning~ 

Insulating Compound 

Tape-Adhesive 
Waterproof 

Barrier Material 
Grease Proofed 
Flexible (Waterproof) 

Kerosene 

Gasoline-Q'nleaded 

Desiccant (Activated) in Bags 

Trkhloroethylene 

Lubricating Grease
High Temperature 

Application 
(Primary) 

Slwhing 
Lubrication 
Lubrication 

External Preservative 

Engine Interior 

Threaded 
Fittings 

Cleaning 

Insulating 

Covering 

Cleaning 

Cleaning 

Storage 

Cleaning 

Spline or 
Thread Lubricant 

»t·.s. 00\'Z:RHlloU::ln' 1'111l<"IL'I(] nH<, L: .... , c, •t'''"' 

117 
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5-24. ENGINE, Cont•d.

CAUSES 

Worn rocker arm bearing. 

Bent valve stem. 

Broken pistonpin. 

Broken linkrod. 

Broken knucklepin. 

Exhaust port shipping plug not removed. 

5-25. ENGINE NACELLE.

Loose air ducts. 

Loose cowling supports or exhaust mani
folds. 

Loose or broken engine mounting 
brackets. 

Engine mounting flexible bracket assem
blies loose or broken. 

loose exhaust collector ring. 

5-26. IGNITION SYSTEM.

Improper spark advance setting. 

Defective sparkplugs. 

Qefective sparkplug lead connectors. 

Moisture or oil in distributor. 

Magneto incorrectly timed to engine. 

Dirty, burned; or pitted breaker points. 

5-27. FUEL AND INDUCTION SYSTEM.

Insufficient fuel pressure. 

TM 1-2R-R985-2 Sedion V 
Paragraphs 5-24 to 5-27 

(Rough Running) 

REMEDIES 

Replace bearing. 

Replace valve and/or cylinder assembly. Refer to pages 97 through 101. 

Change cylinder assembly and/or engine. 

Return engine to overhaul 

Return engine to overhaul. 

Remove plug and inspect. 

(Rough Running) 

Check all air duct connections and supports; tighten where necessary. 

Check and tighten where necessary. 

Replace broken bracket assemblies. 

Check all core stem nuts and engine mount ring nuts to see that they 
are tightened to correct torque. Replace any broken bracket assembly. 

Check the exhaust collector ring and tighten nuts, if necessary. 

(low Power) 

Check spark advance setting .. Refer to page 85. 

Determine whether front or rear plugs are defective by magneto check. 
Remove the plugs and replace them with new or .reconditioned plugs. 
Refer to pages 88 and 89. 
Clean dirty connectors with a clean dry cloth. Replace damaged con· 
nectors. If necessary, dry deaning solvent (Specification P-S-661) may 
be used for cleaning. Replace compound as directed on p�ge 89.

Clean distributor rotors with dry deaning solvent (Specification 
P-S-661), using clean cloth. Wipe clean with dry cloth. Check vent
lines and screen for foreign matter.

Check magneto timmg. Refer to pages 85 and 86. 

Clean dirty points. Replace badly burned or pitted. Refer to page 82. 

(Low Power) 

To increase pressure, turn adjustment screw on fuel pump to right. See 
that fuel shut-off valves are operating; observe fuel quantity indicator 
and check fuel tanks with dipstick;' check fuel lines for leaks. 

Incorrectly- adjusted carburetor control Adjust linkage so that mov�ment of cockpit controls tesw�ln .corres- . 
linkage. i ponding rorrea,0movement of throttle. . � . ..

Air leaks or restrictions in induction Check air scoop for foreign matter. Check security for carburetor and 
system. intake pipe nuts. , Check for loose or disconnected primer lines. Check 

bypass valve for sticking{check ducts and connections; clean carburetor 
air filter. 

Wrong grade of fuel. Fill tank with recommended grade of fuel. Refer to page 25. 
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Section V TM 1-2R-R98S.2 
Paragraphs 5-27 to 5-29 

5-27. FUEL AND INDUCTION SYSTEM, Cont'd. (low Po-. 

CAUSES 

Fluctuating fuel pressure. 

Throttle valve does not open fully. 

Carburetor air temperature too high. 

Internal carburetor trouble. 

Dirt and grime on the venturi tubes. 

5-28. PROPELLER. 

REMEDIES 

Check fuel gage to make sure tanks are full. Check· operation of f 
and booster pumps. Repair or replace pumps. if necessary. 

Check rigging of throttle control. 

Check rigging of carburetor preheat control 

Replace carburetor. Refer to page 106. 

Remove the air ·screen and dean the venturi :.urfaces. The characteri! 
<if lean mete.ring, due to dirt on the venturis, is especially present at hi 
airflows· such as those encountered 'during dimb and takeoff operati1 
�uch a condition may be evid,eoced by increased cylinder he
temperatures. · · 

(Low. Pow, 

Note 
Propdler malfunctioning is indicated by failure of all engines or of an individual en
gine, to attain take-off RPM when propeller control is set in full "INCREASE RPM" • 

.Malfunctioning of govemor, Check mounting pad for damaged or wrong mounting pad gasket. If 1 
muisfer in the governor will not open, remove the valve and. check I 
·din. Check govemor base plug for incorrect rotation. Inspect drive sh;
for -shearing. Replace governor, if necessary.

Govemor high-rpm adjustment improp- Check and correct as necessary. 
erly set. 

Incorrect angle setting of blades. Correa blade setting. 

-Governor low-rpm stop improperly: Adjust and correct.
adjusted.

5-29. ENGINE.

Note 
Sluggish operation .is recognhed by a slow response of propeller to change in air
plane control, airplane attitude, and/or changes in propeller control When this 
condition exists,. rpm will increase or decrease suddenly, gradually returning to 
.. On Speed". 

Adjust valve dearances. Refer to page_s 81 and 82. 

(Low Pow, 

Improper valve clearance. 

Sticking valves. lubricate stickyvalves. Replace cylinder, if necessary.-Refer to pages! 
through 101. 

Broken valve springs. Install new springs. Refer to page 103. 

· · : ... , . , Worn,or,sticky,;piston, .dogs; C1'1lcked pis,; ,Locate·. by· compression" check.- Replace·· piston�1UJd,··cylind�-•assetnbly
tons or cylinder heads. . · · . · described on pa.ges. 97 through 101. .. .. · · .... ·. · •· ·· 

Leaks or restrictions in exhaust system. 

Poor compression. 

56 

Check for leaking exhaust; check for foreign matter in exhaust syste. 
or cover plate left on exhaust port; adjust or replace any patt whi< 
causes leakage; remove foreign matter or cover plate. 

' . .  � 
Check for faulty ,·alve ·or valve action, defective piston rings, or Joo! 
sparkplugs. 
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TM 1-2R-R985-2 

5-30, ENGINE, 

CAUSES 

Note 

REMEDIES 

Section V 
Paragraphs 5-30 to 5-32 

(loss of Compre11lon) 

.. 

The compression which determines the engine power depends upon the proper func• 
tioning of the valves. Although it is possible for the engine to lose compression 
because of leaky compression rings in the piston, low compression for the most part 
can usually be traced to leaky valves. 

Warped or pitted valve seat. 

Valve stem covered with scale. 

5-31. IGNITION SYSTEM.

Internal trouble with magnetos. 

Loose or defective sparkplugs. 

Improper spark advance setting. 

Defective -sparkplug lead connectors. 

-==� Magnetos incorrectly. timed. 

Dirty, burned, or pitted breaker points. 

5-32. FUEL SYSTEM.

Incorrectly adjusted carburetor control 
linkage. 

Internal carburetor trouble. 

Air leaks or restrictions .. 

Fluctuating fuel pressure. 

Insufficient fuel pressure. 

The extremely high temperatures at which the ,·ake operates sometimes 
cause the valve head or the stem to become warped. Either condition will 
prevent the val'\'e from dosing tighdy. Often when a valve has been 
burned it will alw be found to be warped. 

Scaling is the result of burning, although it is mild in form. When this 
occurs, small flakes form on the ,•alve seat. These are blown away by the 
expaust: gases causing the valve to become rough and uneven. It is ob,·ious 
that such a condition destroys perfect compression. 

(Lo11 of Power) 

R�place magneto. Refer to pages 91 and 92. 

Check for defective or fouled ·sparlcplugs, or cracked ceramic insulators;
check gap. Replace, if necessary. Refer to pages 88 and 89. - · 

Check spark advance setting. Refer to pages 85 and 86. 

Apply continuity and high voltage tests to determine if lead is defective. 
Replace"' assembly, if defective wires are found. 

Check magneto timing. Refer to pages 85 and 86. 

Clean dirty points. Replace point badly pitted or burned. Check condenser. 

(Lon of� Power) 

Adjust linkage so that movement of cockpit CO!Jtrols results in corre
sponding correct movement of throttle and mixture control levers. 

Replace carburetor. Refer to page 106 •. 

Check air scoop for foreign matter. Check security of carburetor and 
intake pipe nuts. Ch_eck f'?r l�se or disconnected _primer lines. 

' ' .. .. . - .. , ·  . :, 

, __ Check fuel gage.·.°Fi1L"taak--,with' recommended .. !uet:,ifefer, to page 25. 

Check f�el gage to make sure tanks are full. Check operation of fuel 
and booster pumps. Repair or replace pumps, if necessary. 

To increase pressure, tum adjustment screw on fuel pump to right; 
replace pump, if necessary'. ,;Refer to pages 97 and 98. 

-� .' 
. 
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Section V 
Paragraphs 5-32 to 5-35 

5-32. FUEL SYSTEM, Cont'd.

CAUSES 

Sticking valves. 

Broken valve springs. 

Worn or broken pistonrings, cracked pis
ton or cylinder head. 

Excess carbon in cylinder bead. 

5-33. IGNITION SYSTEM.

TM 1-2R-R985-2 

(Lo11 of Power] 

REMEDIES 

ENGINE (Lo11 of Power] 

Lubricate sticking valve. Replace cylinder, if necessary. Refer to pages 9i 
through 101. 

Install new springs. 

Locate compression test. Replace cylinder assembly, if necessary. Refer 
to pages 97 through 101. :, 

Replace piston and cylinder assembly. Ref er to pages 97 and 98. 

(Engine Stops) 

I WARNING I 
If an engine cuts out or stops for no apparent reason, the cause may be any of the 
more common uoubles listed in this section. If, however, the engine that has suddenly 
stopped can be started again and tuns normally, every effort should be made before 
flight to ascertain the reason for the engine's stopping. In such cases, there is grave 
danger that the trouble, while appearing momentary and of little consequence to the 
mechanic, may recur later, causing failure in the air. 

Short circuit. Examine all ignition wiring, especially switch wl.I'mg on instrument 
panel and magneto distributor high-tension wires. Look for moisture or 
corrosion. Check· all wires for security. even though they. appear . to· be 
making good contacts. 

5-34. FU.EL AND INDUCTION · SYSTEM. (Engine Stops) 

Out of fuel. Determine fuel supply both by inspecting gages and checking tanks. 

Fuel lines obstructed. 

Vapor lock in fuel lines. 

Carburetor jets restricted. 

5.:..35. ENGINE. 

Stroctural failure. 

58 

Check f�!l cocks for ''On .. position. 

A piece of rag or other foreign matter may be floating in the fuel tank 
to art as a stopper every time it floats by and is sucked against the fuel-

; supply line. Disconnect gas line at the carburetor to see if gas flow is 
adequate. Any piping suspected of being even partially obsttucted should 
be removed and bloWQ out.with compressed air._ 

See that air vents in gasoline tanks are unobstructed. Fuel lines may be 
cleared by disconnecting the main supply line- at the carburetor and 
pumping out some of the gasoline. 

If possible, jets should be removed carefully and blown out with air 
· pressure. If idling jets are partially restricted, engine will miss or cut 
out at low rpm. When the trouble is in the main jets, the engine will 
miss or. fail to.obtain.rpm.

· "'-- ;{-El'l11ine Stops)

Engine structural failures -rarely develop slowly. If it is suspected that 
internal parts have broken, the engine should be allowed to cool and 
should then be turned over slowly by hand. Any unusual noise, stiffness, 
or lack of compressim

(
may indicate major internal failure requiring 

overhaul. ·• 
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5-36. IGNITION SYSTEM. 

CAUSES 

Improper spark advance setting. 

Defective sparkplugs. 

Defective sparkplug lead connectors. 

Moisture or oil in magneto distributor. 

Grounded manifold or lead from mag
neto ground connection to cockpit switch 
grouAJdcci. 

Magneto incorrectly timed to engine. 

Dirty, burned or pitted breaker points. 

Dielectric failure. 

Defective ignition manifold; broken or 
shorted primary leads; loose connection 
in distributor block. 

5-37. FUEL AND INDUCTION SYSTEM. 

Incottectly adjusted carburetor control 
linkage. 

Incorrect carburetor idle adjustment. 

TM 1-2R-R985-2 

REMEDIES 

Section V 
Paragraphs 5-36 to 5-38 

(Improper Idling) 

Check spark advance setting. Refer to pages 85 and 86. 

Determine whether front or rear plugs are defective by magneto check. 
Jf necesstry, remove the defective plugs and replace them with new or 
reconditioned plugs. Refer to p,ges 88 and 89.

Clean cilny connectors with a clean dry cloth. If necessary, dry clean• 
ing solvent (Specification P-S-661) may be used for cleaning. Replace 
damaged connectors. Re place compound as directed on r.age 89. 
Clean cilstributor rotors with dry cle�ing solvent (Specification 
P-S-661), using clean cloth. Wipe dean with dry cloth. Check vent
lines and screen for forei.go matter.
Check wiring between ground connection and switch.

Check magneto timing. Refer to page BS. 

Clea.a dirty points. Replace points badly pitted or burned 

Check distributor fingers, coven and bases for carbon tracks or · burn
ing. Replace parts as required. 

Check continuity; replace defective lead or manifold assembly. Tighten 
connections. 

(Improper Idling) 

.Adj11St linkage so that · movement of cockpit controls results in· corre,. 
sponding movement of throttle and mixture control levers. 

.Adjust carburetor idle mixture. Refer to page 87. 

Air leaks or restrictions in induction Check 'security of'ducts, carburetor, ao.d intake pipes; check main air· 
system. scoop for restrictions; check air induction by-pass valve for operation; 

replace malfunctioning valve; tighten ducts and remove obstructions. 
Check for loose. or disconnected primer lines. 

- 'Excessive fuel pressure. To decrease pressure, turn adjustment screw on fuel pump to left. 

Internal carburetor trouble. Replace carburetor. Refer to page 106. 

Clogged fuel lines. · Locate dogged Jines, remove, dean, and reinstall.

Accelerating pump faulty. Replace carburetor. Refer to page 106.

5-38. PROPELLER. 

Propeller not tracking evenly. 

Propeller out of balance. 

Sludge in the dome. 

Replace· pt�pelier. 

Replace propeller. 
. -, 

. 
. , '.', . 

.. . . , : .· .. 

If the condidon is not corrected by:mpying propeller control from full 
INCREASE RPM to full DECREA5£: ltPM several times, with engine ' 
running and oil hot, remove j)to�ller dome and clean it out tboroughl7.

.;. ·· .::-···:,., . .. ·. 

•" h ,.__.... ... .• • •�.• •+•:._,;;,tu/j)'...;'..;.,::.,: 
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Section V TM 1-2R-R9BS.2 

Paragraphs 5-38 to 5-40 

5-38. PROPELLER, Cont'd. (Improper Idling) 

CAUSES REMEDIES 

Note 

A rough propeller may cause excessive vibration. When this condition is due to the 
propeller itself, the cause usually lies in the blades and not in the propeller blade 
operating mechanism. 

Scarred or damaged blades. 

Blades out of track or not all set at same 
angle. 

Loose propeller shaft nut. 

Malfunctioning engine. 

Visually inspect blades for damage. Repair or replace damaged part! 

Check blades for correct tracking .. Check blade ansle at correct station 
Set blades at correct angle. 

· Remove propeller and examine all parts for damage. Check engine thrus
bearing nut for correct torque. Tight�n shaft nut to proper torque.

Test engine with propeller assembly of the same type which has beer
taken off an airplane that is operating correctly. If roughness still exist
after testing with substitute propeller, check engine for proper operation

Note 

"Hunting" is defined as a steady oscillation of rpm above a desired speed. 
"Surging" is an oscillation similar to "hunting," except that its range becomes less 
with each cycle and finally dies out. 

5-39. ENGINE. 

Improper valve clearances. 

Sticking valves. 

Broken valve springs. 

Wom or sticking _piston rings, cracked 
pistons or cylinder heads. 

Cold _tngine 

5-40. IGNITION SYSTEM. 

Improper spark advance setting. 

-Defective sparkplugs.

Defective sparkplug lead connectors. 

Moisture or oil in magneto and/or 
distributor. 

Ground -manifold ·or-lead Jrom magneto 
ground connection to cockpit switch 
grounded. 

Magneto incorrectly timed to• engine. 

Dirty, burned or pitted breaker points. 

60 

(Improper Idling) 

Adjust valve clearance. Refer to pages Bl .and 82. 

Lubricate sticking valves. Replace piston and cylinder assembly, it 
.necessary. Refer to pages 97 through l 01. 

Install new springs. Refer to page 103, 

Locate by compression check. Replace piston and cylinder as described 
on pages 97 through 101. 

AllQW engine to warm up before attempting to idle engine. 

(Improper Acceleration) 

Check spark advance setting. Refer to page 85. 

· Determine whether front or rear plugs are defective by magneto ch�
Remove the plugs and replace them with new or reconstructed plugs. _
Refer to pages 88 and 89.
Clean dirty connectors with a dean dry cloth. Replace damaged connec
tors. 1f necessary, dry deaning solvent (Specification P-S-li61) may'
be used for cleaning, Replace compound as diTCcted on page 89.
Clean distributor rotors with dry deaning solvent (Specification
P�S-661) using clean doth. Wipe dean with dry clc,th •. Check vent
lines. and screenc!or· foreign.matter .. Wipe breaker compar.tment ,,block,
.and,bowl with a clean,dey.c1otb.
Check wiring betweenvground�connection and switch.

Oiedc: magneto timing. Refer to pages 85 and 86. 

Clean dirty points. Replace poin� �dly pitted or burned. Refer to page 
84.
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5-40. IGNITION SYSTEM, Cont'd. 

CAUSES 

Dielectric failure. 

. Defective ignition manifold; broken or 
shorted primary leads; loose connection 
in distributor block. 

5-41, FUEL AND INDUCTION SYSTEM. 

Incorrect idle adjustment. 

Insufficient fuel pressure. 

Malfunctioning fuel boost pump. 

Accelerating pump fauhy. 

Fluctuating fuel pressure. 

Internal carburetor trouble. 

Air leaks or restrictions. 

Mixtures too lean in cruising range. 

Incorref(ly adjusted carburetor control 
linka ge.

TM 1-2R.R985-2 

REMEDIES 

Section V 
Paragraphs 5-40 to 5-43 

(Improper Acceleration) 
.. 

Check distributor fingers, covers and bases for carbon tracks. Replace 
parts as required. 

Check continuity; replace defective lead or manifold assembly. Tighten 
connections. 

(Improper Acceleratio1J) 
. ' 

Check and adjust idle mixtUff and idle speed. Refer to page 87, 

Check fuel pressure ga,ge to ensure that pressure drop is not caused by 
a temporary drop-off owing to increased demand for fuel. Check grade 
of fuel; fill tank with recommended grade of fuel, if necessary. Refer to 
page 25. 

Replace fuel boost pump. 

Check for disconnected linkage to accelerating pump. If pump is 
internally defective, replace carburetor. 

Check fuel gage to make sure tanks are full. Check operation of fuel 
and booster pumps. Repair or replace pumps, if necessary. 

Replace carburetor. Refer to page 106. 

Check air scoop for foreign matter. Check security of carburetor and 
intake pipe nuts . 

. Engine will not accelerate properly to any given RPM if _the mixture 
at that RPM is too lean for · satisfactory operation. 

Adjust linkage so that movement of cockpit controls results in corre
sponding movement of throttle and mixture control !even. 

Ruptured balance diaphragm in fuel . Replace fuel pump.
pump. 

5-42. _ PROPELLER. 

Sludge in the dome. 

(Improper Acceleration) 

If the condition is not corrected by moving propeller control from full 
INCREASE RPM to full DECREASE RPM several times, with. engine 
running and oil hot, remove propeller do,..e and dean it out thoroughly. 

Note 

"Hunting" is defined as a steady oscillation of i:pm above a desired speed. 
"Surging" is an oscillation similar to "hunting," except that its range becomes less 
Viith each .cycle and finally dies out. 

5-43. ENGINE. 

Improper valve clearance. 

Sticking valves. 

Broken valve springs. 

(Improper Acceleration) 

Adjust valve clearance. Refer to page Bl'.,and 82. 

Lubricate sdcking valves. Replace cy�cfer, if necessary.. . :>�··-rt:'°". 
Install new springs. Refer to page'103; 

. _-,<•�-:· . 

. ;)j/:. 
·;\.:>:��:" 61 
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Sedion V TM 1-2R-R98S.2 

Paragraphs 5-43 to 5-47 

5-43. ENGINE, Cont'd.

CAUSES 

(Improper Acceleration) 

REMEDIES 

Worn or broken piston rings, cracked 
piston on cylinder head. 

Locate by compression test. Replace piston and cylinder assembly, if 
necessary. Refer to pages 97 through 101. 

5-44. FUEL AND INDUCTION SYSTEM. 

Clogged fuel lines. 

Accelerating pump faulty. 

Fuel leaks. 

Locate dogged lines, remove, clean, and reinstall. 

Replace carburetor. 

. Check lines, connections. joints and damps. 
' 

Replace carburetor. Refer to page 1 o6. 

Inspect and dean strainer, Refer to page lOS. 

(Lean Mixture) 

Internal carburetor trouble. 

Faulty fuel strainer. 

Insufficient fuel pressure. To increase pressure, tum adjustment screw on fuel pump to right; 
replace pump. iE necessary. 

Vapor in fuel system. Remove vent plug from carburetor and operate pump until fuel spuns 
from vent; then replace plug. 

Air leaks or restrictions. . Check air scoop for foreign matter. Check security of carburetor and 
intake pipe nuts. Check for loose or disconnected primer lines: 

5-45. FUEL AND INDUCTION SYSTEM. (Rich Mixture) 

Accelerating pump faulty. . Replace carburetor. 

Excessive fuel pressure. To decrease pressure, tum adjustment screw on fuel pump to left. 

Internal carburetor trouble. Replace carburetor. Refer to page 106. 

Improper jets installed or jets not tight. Remove·carburetor for overhaul 

5-46. LU&RICATION SYSTEM. (Low Oil Pressure) 

5-47. IMPO�TANCE OF PROPER MAINTENANCE FOR ENGINE OPERATION. 

No other portion of the power plant system is more vital to the satisfactory operation ot tbe engine than the lubri
cation system. It should furnish an adequate supply of clean, solid oil to the engine at the proper temperature and 
pressure for all conditions of operation. A stoppage of oil flow· to the engine will-result in seizure of the bearings and 
probably progressive failure in all major parts. 

NOMENCLATURE. 
1. "Adequate Supply" implies ample storage space and minimum restriction to flow.
2. "Solid 00il" implies elimination of entrapped air. 
3. "Clean· Oil" implies elimination of solid matter which would be detrimental to the operation of the engine.
4. "Proper Temperature#' involves temperature regulation which is obtained by the use of a regulating valve

and cooling radiators. 
5. "Adequate Pressureu at the pump inlet is normally obtained by a compensating valve which controls the oil

·· · 'that is by-passed· to the engine driven pump inlet.
· · 

·· 

0
""k· sepa-rat� c�mplete system .. sho'iild be, provided /01' �agi�e,.acf:also a. complete �dependent system:for any 

accessory units or other installation items that require a circulating oil supply. . 

62 

Note 
Oil pressure will change with varying engine speeds and oil temperature. Due 
allowance, therefore, should be made for pressure drop to be expected at increased 
temperatures. Engine should be immediately stopped. if no pressure or.sudden and 
unexplained drop in pressure is indicated ori pressure gage. 
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TM T-2R-R985-2 Section V 
Paragraph 5--47 

. 5-47. IMPORTANCE OF PROPER MAINTENANCE FOR ENGINE OPERATION, Cont'd. 

CAUSES REMEDIES 

Defective oil pressure gage, transmitter Repair or replace gage, transmitter or indicator and source of power. 
or indicator. 

Diluted, contaminated, or inadequate oil Drain engine and tank. Refill with lubricating oil (Specification 
supply. MlL-L-6082, grade 1100) (100 S.U.S. at 210"F.). 

Note 

Contaminated oil is one of an engine's most dangerous enemies. It fouls piston 
rings, accelerates carbon formation. changes oil viscosity, and restricts - or even 
closes - oil lines, leading ultimately to engine failure. It is brought about by the 
presence of air, moisture, partially burned fuel, soot, fuel diluti1;>n, carbon, and 
other solid contaminants which may form a destructive emulsion when subjected 
to heat. Once started, its development is malignant. Low manifold pressure, high 
rp� operation with dirty oil have a deleterious effect on masterod bearings and 
produce exhaust valve guide wear and high rockerbox temperature. 

Obstruction in main oil tank. 
Obstruction or leaks in oil lines. 

Clogged main oil strainer. 

Drain· oil and clean tank.
Check oil lines. remove obstructions, and repair leaks. Replace cooler, if 
necessary. 
Remove and clean strainer as directed on page I 05. 

Note 

Periodic cleaning of the oil strain.ers and an intelligent observance of their accumu• 
lations and the condition of the oil as to its ccntamination are necessary for good 
maintenance. If the oil is at alJ gritty, it makes a good material for grinding away 
surfaces that are rubbing. When the strainers are reinstalled, it is necessary to make 
certain that they are seated properly. If they are not seated thus. the dirty oil will 
get by the strainer. 

Excessive oil dilution. 

Leaking oil dilution valve. 

Drain oil from engine and oil system; Check operation of oil dilution 
valve. Inspect valve seat for cleanliness. Replace with lubricating 
oil (Specification MJL-L-6082, grade 1100)(100 S.U.S. at 210°F.). 
Check oil dilution valve for leaks. Repair or replace,. if necessary. 

Note 

Oil _dilution, and particularly over-dilution, loosens a great deal of anchored sludge 
and puts it into circulation, often to such an extent that oil screens become clogged 
and cause the oil screen by�pass ".alve to open, thus supplying the- engine with 
unscreened dirty oil. Leaking oil dilution valves produce the same trouble and may 
also add spewing to the problems. 

Improper operation of oil pressure relief 
valve. 
Defective oil pump. 
Internal engine trouble. 

Low outside temperature. 

" Foaming in oil :supply .tank. 

Remove any foreign material and check seating of valve. Ch�ck valve 
spring. Replace spring of insufficient or excessive pressure or length. 
C_lean pump and leaking seals. Replace pump, if necessary. 
Check main oil screen and main sump for metal particles. Ref er to 
· page 105. Replace engine, if necessary.
In very cold weather the oil may become congealed in the suction line

· from the oil tank, preventing t)ie.oil from reaching the pump in sufti.
dent quantity. Check by lower rpm.
Foairiirig oil should he draihed and replaced with fr�sh:6il. �n water
from sumps. , · • .

Note, 
Foaming is a frequent cause of fluctuating oil p�ssure and Joss of pressure. While 
the presence of air in the scavenge line is normii.l,_,there should be little or no foam in
the supply tank. The return line should be ;.:ranged to permit only a minimum of 
splashing in-the tank and allow air which may be trapped to separate from the oil 
as readily as possible. 
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Section V TM 1-2R-R985-2 

Paragraphs 5-47 to 5-48 

5-47. IMPORTANCE OF PROPER MAINTENANCE FOR ENGINE OPERATION Cont'd, 

CAUSES REMEDIES 

Oil pressure pump not primed. 

High oil temperature. 

Defective oil temperature gage. 

Clogged or leaky oil line. 

Improper operation of oil cooler ..

Disconnea the oil suction line and ill the pump with oil. Air may some
times become trapped within the pump and relief valve mechanism. 
Removing and reinstalling the relief valve may eliminate the air lode. 

With high temperature the viscosity is decreased, causing pressure to 
drop. Check operation of oil cooler and temperature of oil. A con-
gealed tooler requites closing of the air flow control to thaw out.

Replace oil temperature gage. 

Clean or replace; tighten connections. " 

Check Bap operation; check thermostat ,and/or flap actuator. 

Note 
For proper cleaning of oil coolers the deaning fluid should be heated to 2so11F. 
for flushing, and not used at room temperature. If used at room temperature, poor 
viscosity and flushing characteristics will result, with probable deposits of carbon 
and metal chips. 

AC instrument circuit breaker out. 

Low pressure or head of oil altitude. 

Reset circuit breaker. 
Check pressurizing system of oil tank. Check oil level. 

It metal particles of appreciable size or quantity are found in the oil-pressure screen 
or in the main oil sump, the cause must be determined before there is further opera
tion of the engine. If low oil pressure persists despite correction or nonexistence of 

· the above conditions, partial or complei:e disassembly of the engine may be necessary
to detect and rectify the condition. Bushings, bearings, oil seal rings, and shafts
should be checked for tightness and fit.

Defective indicator or wiring. 
Cold oil. 

Replace engine gage unit or wiring as necessary. 
Allow engine to warm up. 

Automatic oil temperature control unit Replace or repair unit. 
not operating. 
Oil cooler sludged or clogged. Clean or replace oil cooler. 
Insufficient oil supply (loose hoses). 
Insufficient oil. 
Improper venting of oil system. 
Diluted or contaminated oil. 

5-48, LUBRICATION SYSTEM, 

',ol:istructions, breaks, or leaks in oil lines;· 

Improper operation of oil pressure relief 
valve. 

Defective oil pressu.re gage, transmitter, 
or indicator. 

Defective oil pump. 

64 

Tighten or replace connections. 

Fill oil tank. Refer to page 25 .•. 
See that breather and vent in oil tank are open, 
Drain oil from engine and tank and refill with specified oil. 
Ref er to page 25. 

(Total Loss of OU Pressure) 

Check oiHines,'t"emoveobstrucdons, and .repah:-leaks;or,breaks. Replace 
· cooler, if necessar,y.

Remove any foreign material and check seatins of valve. Check valve
spring. Replace· spring, i£ necessary.

Repair or replace gage, transmitter, ol' indicatol'.

Clean pump and replace leaking seals. Replace pump, if necessary. 
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TM 1-2R-R985-2 S.ctlon V 
Paragraphs 5-41 to 5-49 

5-48. LUBRICATION SYSTEM, Cont'd. (Total Lon of OIi p.,.pure) 

CAUSES REMEDIES 

Diluted, contaminated, or inadequate oil Drain engine and tank. Refill with recommended oiL Refer to page 25. 
supply. 

Excessive oil dilution. Check dilution solenoid valve operation. Replace oil in engine and in 
oil system. If oil dilution solenoid valve leaks, replace. 

Nt;Je 
Foaming of the oil is • frequent cause of fluctuating oil pressure and lou of 
pressure. Air is normally present in the scavenged oiL The scavenged oil from the 
engine should be directed into the supply tank in such I manner as to produce a 
minimum of splashing. Any method to aid in separating the saavenged oil and air ii 
desirable. Lack of proper venting will permit excessive foaming. Examine -.enc lines. 
Water in the oil will aggravate foaming. When foaming occun, the oil should be 
removed from the system and replaced with fresh oil. 

Damaged oil intake lines or gage lines. 

Collapsed lines. 

Air lock in take line. 

Inspect lines and fittings for damage. 

Repair or replace lines. 

Prime line; preoil engine. 

Oil spewing or excessive breathing. Scavenge pump trouble; excessive bJowby due to dama&ed piston or 
rings. 

5-49. ENGINE. 

Worn �iston tings. 

Burned or scored pistons. 

Defective impeller shaft oil seal. 

Excessive wear to internal parts of the 

Loose connections or broken lines. 

(Exceulv•· OIi Consumption) 

Return engine for overhaul 

Return engine for overhaul. 

Return engine for ove.thaul. 

Return. engine for overhaul. 

Replace broken lines and tighten connections. 
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Section V 
Paragraph 5-50 

TM 1-2R-R985-2 

5-50. SUMMARY: MOST COMMON CAUSES Of TROUBLES.

Engine malfunctioning can in most cases be prevented by a systematic and thorough periodical inspection of
those parts which, if neglected, have invariably proved to be recurrent sources of trouble. Below is a sum
mary list of these critical parts for a rapid final check. 

IGNITION SYSTEM FUEL SYSTEM lUBR.ICATION SYSTEM ENGINE AND NACEI.L 

1. Breaker points 1. Carburetor 1. Oil Strainer and Sump 1. Valvet
Dirty Strainer dogged Metal partidet Improper Clearanc 
Burned Leaky lines CI083ed Broken Springs 
Pitted Incorrect idle Sticking 
Oily adjustment 

Primer solenoid 
defective 

2. Condenser 2. Accelerating pump 2. Oil Supply 2. Piston Rings
Shorted Diluted Wom 
Open Contaminated Sticking 
Burst Inadequate 

3. Distributor Brushes
and Segments

3. Gages 3. Oil pressure gage 3. Cracked piston

Worn 
Burned 
Dirty 

4. Wiring 4. Pumps 4. Lines and tank 4. Cylinder head
Loose Obstruction Cracked 
Broken Leaks Excessive carbon 
Shorted deposits 

5, Loose Connectors 5. Oil Cooter · 5. Air ducts
Loose 

6. Sparkplugs 6. Oil dilution valve 6. Mounting brackets
Wet, Fouled Loose 
Gap Setting Incorrect 

-· 

Insulation (cracked) -
Gaskets 

2. 

7. Timing 7. Cowling supports
Retarded Loose 

Advanced 

8. Induction Vibrator
Defective Unit 
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SECTION VI 

SERVICE INSPECTION AND ASSOCIATED MAINTENANCE 

6-1. GENERAL. 

6---;-2. · The work outlined in this section is a normal 
function of the operating organizations. It consists of 
peripdic inspection, deaning, servicing, l�bricating, ad
justing, and such maintenance :Work as is associated with 

, the routine inspection system. 
. , " I. 

)! ' 

6-3! The nature and conditions of engine operation de
termine, to a great eiuent,_ the time interval between 
periodic inspections, which shoulq be. in accordance with 

6-5. PERIOD,IC INSPECTION SCHEDULE.

NATURE· Of INSP,ECTION Preflight Dally 25 Hour 

6-6. GENERAL lkSPECTION • 
. , . 

Disconnect battery and ground plane ,,, ,,, 

electrically. 

lrupl!ti eilgine data plate for security J,111' 

of mounting. ,. 
··., 

Remove sufficient , cowling to inspect 
engine section forJeaks and failure. 

! 
·'

the intervals established by the operating organization. 
The allowable interval between inspections should not 
exceed 60 hours. If an engine is new or has just been 
overhauled, it should be given a thorough check l S to 
30 hours after installation in the aircraft. 

6-4. A1111y personnel will observe 25, 50, 100, and
200 hour inspections. All periodic inspections shall
incorporate the preflight and daily checks.

SO Hour 100 Hour 200 Hour REMARKS 

,., 

After flight. 

Inspect engine co�ling for security of ,,,,, Not excessively tight when engine is 
attachment. cold. 

Inspect engine sec,tion for oil throwing. ,,, 
\ 

Inspect engine ni9unt for cracks, tight• .. ,,, 

ness, and lockwiring. 

.. 
a 

a 

1-

.... 
3:: 
-
. 
..., 

:ao 
� 
g: 
..., 

t VI
- a, 

" ......
0 0 

!�
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l 
} 

I
I 

•

--

NATURE OF INsrtCTION 

Inspect cylinder hold down nuts for 
tightness. 

I 

Inspect cylinders for general condition.

Inspect deftectors for security and · fin 
dearance. 

i 
,'i ' ' ll I 

Inspect pushrod cover nuts for leakage 
. and lockwhing. 

Check thermocouple leads and conncc-
dons for tightness. 

, . 
. . 

' 

Inspect exhaust; piping for cracks and 
sip of �$· '= 

;-}{ .. 
., 

Inspect breather screens and clean, if 
necew.cy. 

Examine all engine control linkages; 
remove excess play; Oil joints and bear-
ings, if necessary.

' 

Inspect for loo� n�ti. and broken lock-
. . ' ; 

Wlflog. 
: .. } 

. ,: . }: 

Inspect accessoty pumps for security of 
mounting. 

· · · 
1 

· 

Preflight Dally 

I 

�. 

I 

I 

! 

25 Hour 50 Hour 100 Hour 200 Hour 

,,,, 

,,,, 

,,,, 

' 

,,,, 

,,,, ' 

,,,, 

,,,, 

,,,, 

,,,, 

,,,, 

·-·--·----

REMARKS 

Refer to CAUTION at the end of para• 
graph 7-7oa.

Refer to "Cylinder Fin Breakage," page 
101. 

Slip joints should be free, and all con• 
nections tight. 

,., 

Frequently indicated by signs of oil or 
fuel leakage. 

a· 

:s 

� 
.... 
• 

::a 
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. � ' 
: 

NATURE OF INSPECTION Preflight Dally 

Inspect drain plugs and covers for ,,,,,, ,,,,,, 

proper lockwiring. 

Inspect clllmp�; t,onding, rods, and lines. 

Inspect fuel, : oil, and pressure gJge 
lines for brittleness. 

· Inspect oil for sludge and carbon.

I ]!L 

°' 
·,C,·

25 Haur 50 Hour 100 Hour 200 Hour REMARKS 

,,,,,, 

At engine change. Anneal copper or 
brass lines that are brittle. 

,,,,,, Sludge and carbon indicate need for oil 
change. 

-4 
lt:
_, 

� 
:c 

.,. 

:S 
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c:I 
NATURE OF INSPECTION 

6-7. LUBRICATION SYSTEM. 

Remove oil strainer and inspect for 
metal particles. 

' 
i 

I ' 

---------------------------� . ·-···· 

Preflight Dally I 25 Hour I 50 Hour I 100 Hour I 200 Hour 

I I I .- I I 

[��u.'•o� J 
The introduction of gasoline into the engine oil system tends to 
loosen carbon•and sludge deposi� w,ithin the system. This carbon 
and sludge may collect in the engihe oil strainer in sufficient quan
tity to cause the strainer to collapse, Therefore, if gasoline is used 
to dilute the engine oil during cold weather operation. the engine 
oil strainer �ust be removed for inspection and cleaning within 
an hour or two after the dilution is first used in the season: This 
inspection and cleaning must he repeated at �hort intervals until 
sludge and carbon no longer collect. 

When it is· nece�ary to feather a propeller. on the grou�d with 
the engine not running, the oil strainer is to be removed prior to 
feathering and reinstalled after unf eathering in order to prevent 
excessive oil pressure resulting from trapped oil above the strainer. 

REMARKS 

After ground run up and again after 10 
hours flight time of newly installed en• 
gines (new or newly overhauled). Also 
after every 50-60 hours of flight time. 
Examine oil strainer for ·metal particles 
or other foreign matter. If metal chips 
are found, they are an indication of 
trouble within the engine and further 
investigation should be made to discover 
their source. In a new installation, the 
oil system has not always been entirely 
cleaned of metal particles, and it is not 
necessarily cause for alarm when parti• 
cles appear. If nothing wrong can be dis
covered after foreign matter has been 
found in the oil strainer, the engine 
should be given a ground test using 
new oil. 
If the quantity of metal chips found 
after a second ground test is sufficient 
to warrant removal of the engine, the 
oil tanks and lines should be thoroughly 
cleaned and the oil cooler replaced be
fore a new engine is installed. 

-a Ci'I 
0 fll 
.. n 
0 ... 
10 -· 
.. 0 
0 ::s 

-g_::: 
0-
1 
..., 

-I 
3:: 
.... 
..., 
� 
::0 '° 
co 
UI . ...,
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NATURE OF INSPICIION 

Change oil : 
i 

i 

Inspect oil cooler for security of mount• 
ing and for obstructions in the air i�-
take. 

Inspect all oil lines J.bd connections for 
leaks, dents, cracks, chafing, and se• 
curity� 

Inspect connections and clamps for gen• 
eral condition, Jocation, and tightness. 

' 

' 

. ' " I 

. ' 

. , C:heck to see th;tt �tain plugs and cocks 
···a� tight and lockwired.

·-.. ,,:..,,. 

., 

,, . 

6-8. IGNRION SYSTEM 

Check ceramic insulation in sparkplugs 
for chipping or cracks. 

Clean the spatkpluga with a suit.able 
solvent. 

Check sparkplug giip clearance. 

Give sparkplugs bomb and leakage 
tests. 

:. 

Preflight Daily 25 Hour 50 Hour 100 Hour 200 Hour 

Normally, aircraft engine lubricating oil will be changed only 
at the time decision is made to extend engine time beyond the 
basic time, and at engine change except where some unusual 
circumstance such as duct conditions, failure of minor engine 
parts, etc., makes it advisable to change the oil before the 
specified time. 

,,,,,, 

,,,,,, 

' 

' 
' ,,,,,, 

�-

,,,,,, 
I ! 

' 

,,,,,, 

,,,,,, 

,,,,,, 

,,,,,, 

I 

Q 

REMARKS 

If clamps have no take-up left, replace 
hose conections. Hose damps should 
be pulled up snug. Excessive tightening 
of the damps destroys the sealing qual-
ity of the hose causing oil leaks. 

-· [�����] 
Never disassemble a ceramic plug. 

Gap= .01211• ( + .002., - .001") 

Refer to paragraph 7-45. ', 
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NATURE OF INSPECTION 

Replace sparkpl�gs. 
. ' 

Inspect ignition manifold for loose con-
nections or damaged sparkplug leads, 

Check sparkplug lead connectors for 
presence of oil, dirt, cracks, or chips. 

Check magneto ground wires for secu-
ri� . .  ·.. I 

Clean distributor blocks and housing 
electrodes. 

Examine all dielectric . parts for carbon
tracks or for c.racks. " I 

Check spiukpl_ll�. lead elbow nuts for
. tightness. 

. 

Make continuity and high voltage tests 
of ignition sys�em �hen distributor cov-
ers are removed fot any reason. 

' . f� 

1 
I 

Inspect high , tehsion electrodes for 
burning. 

JJ 

Preflight Dally 25 Hour 50 Hour 100 Hour 200-Hour REMARKS 

,,,,, 

,,,,, 

,,,,, Remove dirt and oil with dry deaning 
solvent (Specification P-S-661). 

,,,,, 

,,,,, Use a cloth dampened with dry clean• 
.ing solvent (Specification P-S-661). 
Wipe with a dry clean cloth. A 11 ow 

,. sufficient time for traces of solv ent 
I 

to evaporate before replacing covers. 
,,,,, 

)!!: 

,,,,, Do not tighten excessively. 

Apply continuity check to ignition manifold, using low voltage test light or buzzer· circuit. Check con- · 
tinuity from distributor block electrode to corresponding sparkplug lead. If an open circuit is found, 
replace the defective cable. 
Apply high 1 vohage test to ignition manifold to determine electrical leakage. Use tester Delco Model 
724420. This test should be accomplished with a direct current tester imposing no more than 10,000 
volts DC on the manifold assembly. 
The electrical resistivity between leads and from any lead to ground _should not be less than 100 meg-
ohms and no electrical breakdown should be indicated. Set the tester at 10,000 volts on high resistance. 
The microammeter should indicate no more than SO mkroamperes leakage, and the breakdown indica• 
tor sholtld not flash. If excessive leakage is indicated and cannot be eliminated by cleaning distributor 
block surfaces and sparkplug terminals, replace the defective cable. 

Note 
If there is an internal leakage in the tester, eliminate it by cleaning insulating surfaces or by 
other means prior to conducting this test . 

\ 
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NATURE OF INSPECTION Preflight Dally 

Check starter, generator, and magnetos ,,, 

for security of 111ounting and condition. 

Inspect breaker points for burning and_ 
pitting. Clean•. around points, if neces-
saiy. 

Inspect magnetos for damaged cam fol-
lowers, oiler felts, and weak springs. 

Check magneto ,ti�ing. 

�9. FUEL ANO :�NDUCTION SYSTEM 

Drain fuel strainers and tank drams. ,,, ' ,,, 

Inspect for presence of water and for-
eign matter. 

Clean all strainers. ,,, 

Inspect carburetor and fuel lines for ' ,,,
leaks. ' 

Inspect fuel line supports, and clamps ,,, 

for security. chafing, and looseness: �-
: i.· 

Inspect all fuef. lines and connections ,,, 

for sharp bentls, cracks, leaks, signs of 
abrasion, or ·intederence with other 
'pa�. I 

Inspect all shut-off cocks for 'leakage in 
' ,..,. 

open and closed positions. 

Imped throttle and mixture controls ,,, 

for tightness a�d lockwiring. · 

lrupect carburetor attaching nuts for 
tightness. 

Inspect carbtu:e.tor air intake screen. 
Clean if nec�a�.i 

Check operation of all carburetor con- ,,, 

trols. Oil moving J.>arts as required. 
'" 

Inspect intake pi� nuts lor leakage. 

25 Hour 50 Hour 100 Hour 200 Hour 

,,, 

"'· 

,,, 

' 

' 

,,, 

,,, 

,,, 

:.,;I' 

REMARKS 

Refer to paragraph 7-31. 
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Section VI TM J,.2R-R98S.2 

Paragraphs 6-10 to 6-24 

6-1 O. PREST ARTING INSTRUCTIONS. 
6-11. GENERAL. Before engine is started the opera
tor should consult the aircraft manufacturer's handbook
for the applicable control position checks and specific
ground operating procedures.
6-12. HYDRAULICKING. During periods of idleness,
residual oil from the power section will flow toward the
tower cylinders, seep past the piston and pistonrings,
then accumulate in the lower combustion chambers.
Likewise, if the engine is overprimed, excess fuel will
fl.ow into the combustion chambers of the lower cylin
ders, through the inlet valves and intake pipes. With
liquid in the combustion chamber, the original compres
sion ratio will be raised causing extremely high prnsures
to be produced when the piston of a cylinder so -affected
is moved toward top center of the compression stroke.
These pressures may be great enough to damage the
cylinder head, piston, or linkrod. In extreme instances
the piston may actually "bottom" against the liquid.
This condition is known as "hydraulicking .. the engine.
6- 13. Therefore, it is especially important to pull the
propeller through four or five revolutions by hand
before starting an engine. If the propeller cannot be
reached to be pulled through by hand this function may
be performed with the starter. While pulling the engine
. through by hand or with the starter, the operator must
be alert for any sign of the piston being forced against
unusually high compression. This will be evidenced by
a sudden resistance when being pulled through by hand, ..

. . or by a sudden -slowing down . when the starter is . 
engaged If this .condition exists, any further attempt to 
rotate the crankshaft will result in damage to the engine. 
6-14. If liquid lock is suspected, remove the front
sparkplugs. Check for the presence of fuel or oil which
could have caused the lock. If no liquid is found in
any of the cylinders or exhaust pipes, lea".e the front_
sparkplugs out, and, with the ignition "Off," crank the
engine through, checking to see whether or �ot l_iquid
is spewed from the sparkplug holes. If there 1s still no 
evidence of any condition which could cause hydraulic 

•lock, install the sparkplugs and resume normal start
"ing procedure. If liquid is found in any of the cylinders,

- remove these cylinders and inspect the linkrods for dis
tortion. This may be checked by placing a straightedge

_along the sides of the linkrod in two planes giving
particular attention to the area in the vicinity of the
linkpin hole. Any distortion of the linkrod, however
slight, is cause for removal of the engine. If the linkrods
are found to be free from damage, inspect the pistons,
pisionpins. cylinders,. and cylinder ftange. !WdsAhor- .
oughly for evidenre of injury. Stud damage is to be
suspected if, when a -cylinder is being removed, the
flange nuts are found to be loose. If no abnont1al con•
· dition is noted, the engine may be reassembled and con
sidered satisfactory for further serv.ice.
6-15. PERSONNEL Personnel servicing the aircraft
should be cautioned to stand dear when a start is antici
pated.

6-16. IGNITION SWITCH. The ignition switch must
be in the "OFF'' position at all times, except as the
actual starting procedure may require. . .. 

6-17. CARBURETOR HEAT. Carburetor heat should
be in the cold position (OFF).
6-18. CARBURETOR AIR FILTER. Carburetor air
filter (where applicable) should be in the unfilt�red 
(OFF) position to prevent damage to these installations 
in case of backfires. 
6-19. COWL FLAPS. It is essential that the cowl .flaps
be fully open during all ground operation.
6-20. OIL COOLER.-1The oil cooler shutters should be
dosed to assist in heating the oil during the warm-up
period.

6-21. MIXTURE CONTROL The mixture control
should be in the idle cut-off position until such time as
required by the following starting procedure.
6-22. FUEL SUPPLY. The fuel supply valve should
not be opened until preparation for starting is made.
6-23. THROTTLE. Consistent starting is dependent to
a great extent on the correct positioning of the throttle.
With the float type carburetor such as used on. R-985
series engines, the carburetor furnishes fuel to the
engine only when a definite pressure differential exists
between the idle discharge and the fuel in the float
chamber. With too great a throttle opening this differ
ential becomes insufficient to produce the necessary flow
for complete combustion, resulting, in all probability,
in backfiring. A throttle opening such as· recommended
in the engine starting instructions should provide the
proper fuel/air ·:ratio to obtain good starting under
various conditions.
6-24. PRIMING. :f.9r the initial :firing charge, needed
to start an engine, fuel must be supplied by the priming
system. The priming system introduces atomized fuel
into the air contained in the primed cylinders. Under
ideal priming conditions a fuel - air mixture of .12S is
thus provided. As the starter turns the engine through,
more air is introduced into the primed cylinders causing
the_mixture to be leaned out, but before the F / A ratio
reaches the lower limit of combustion, a · spark will
ignite the mixture and a start is accomplished. The actual
amount of priming desirable must be learned by experi
ence, however, the-operator may estimate the required
amount by observing the following gages: Free Air
Temperature ( temperature of the air drawn into the
engine during starting), Carbur�or Air Temperature

-·-{temperature c,f the air iri the duct),. OiLT-empera�
0
Jsdffn·ess and tempetatu·re.of :the engine);E;;ylin<Jerliead
Temperature (the amount of heat available in the intake
ports to vaporize the prime). Excessive priming will load
the cylinders of • cold engine with raw fuel, making the
engine difticult"rto start. Excessive priming also has a
tendency to 'W�sh the oil off the cylinder walls and may
result in barrel scoring or piston seizure. If the engine
has bee9 overprimed it is essential that fresh oil· be
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TM 1-2R-R985-2 Section VI

Paragraphs 6-24 to 6-32

sprayed on the cylinder wal� through the sparkplug 
holes, before starting. Care should be taken to insure 
complete circumferential coverage of the cylinder walls. 
Dry cylinders may be indicated by a squeaking, heard 
while the engine is being pulled through by hand. Rust• 
ing of the piston rings and cylinder walls will occur, if 
the engine is allowed to stand for a day or more after 
unsuccessful attempm to start. Underpriming u usually 
indicated by backfipng of the engine through the intake 
system, with attendant hazards. When underpriming is 
suspected, additional priming should be done cautiously. 

6-25. USE OF QIL DILUTION SYSTEM. Oil dilu
tion is regulated by an electrically-operated valve which 
admits fuel at a rate predetermined to meet the require• 
ments of the aircraft involved, when desired, to the• oil 
inlet line of the engine, usually at the "Y" drain valve, 
thereby reducing the viscosity of the oil in the engine 
and oil system. Because of substantial differences in the 
specific gravity and viscosity of gasoline as comp�red 
to aviation oil. there is very little tendency for them to 
mix when introduced into a common line or tank. How
ever, if the two fluids, in any proportion, are forcibly 
brought together by some type of mechanical agitation, 
such as that provided by the oil pressure pump, moving 
internal parts, and the oil scavenge pump, a very per• 
manent mixture is produced. Once the oil and gasoline 
are thoroughly mixed, diluted oil will not separate, if 
allowed to stand .. Oil dilution installations are usually 
a�com_panied by a hopper-type oil tank which increases 
the effectiveness _of the dilution by decreasing the amount 
of oil in circulation. 

6-26. STOPPING. When a cold weather start is antici
pated, permit the engine to cool by idling until cylinder
temperatures fall below 148°C (300°F), and oil temper
a�s below 50°C (120°F). If the oil tank needs filling,
this should be done prior to starting dilution. With the
engine running at approximately 800' to 1000 rpm, hold
the oil dilution control in the · .. On" position f(?t a
period varying between 1 and 5 minutes. The proper

previous stop will. permit the starter to tum the engine 
at a high rate of speed, and no preheating of the .oil 
will be necessary. . .. 

6-28. In extremely cold weather adequate dilution will 
prevent oil cooler or oil line failures due to the high 
pressure developed by the oil scavenge pump when the 
engine is started. However, for conservative operation, 
it is desirable to heat the oil lines, the oil cooler, and 
accessories at the same time the engine cylinders ue 
being heated. 

6-29. WARM-UP. During the warm-up period, the
gasoline will be gradually evaporated as the temperature
of the oil, engine crankcases, and internal parts increases.
With high dilution and extremely cold weather, it will
be necessary to make the warm-up at a slightly higher
rpm and for a longer period of time than are normally
used.

6-30. Jf oil in the tank or lines is insufficiently diluted, 
flow to the engine pump will be restricted by the high 
visc:ocity of the cold oil. In such cases, it may be noted 

. that oil pressure is unsteady or decreases with an 'increase 
in rpm. The oil dilution process should be used during 
warm-up only if extreme temperature conditions do not 
permit warm-up in the normal manner. Over-dilution, 
however, can occur, so · that oil pressure must be care
fully watched for 1:111usual fluctation or drop-off during 
the remainder of warm-up, ground test, and the take-off. 

If for some reason a flight of at least a half 
hour's duration is not made after warm-up, 
some gasoline will remain in the circulating oil 
or hi· the oil tank. This is especially ttue in 
extremely cold weather. The dilution period 
should thus be· shortened when the engine is
shut down. 

length of time is dependent upon the expected tempera- 6--31. FUGHT. The dilution valve should not be used 
ture and the grade and amount of oil in the system and . in flight. A sudden loss or fluctuation of oil pressure 
will probably be different for each installation because or discharge of oil from the breather during filght can 
of different breather arrangements, oil line sizes -and _oil be caused by a leaking dilution valve. Momentarily tum-
tank designs. Therefore, it will be necessary for the ing the valve 00 and off may asist in correcting the 
operator to consult the manufacturer's specific instruc- difficulty. Satisfactory O,P.eration will be restored after 
cions .for the aircraft concerned. Only in very extreme the gasoline has evaporated from the oil. The dilution 
weather, that is where temperatures go below ooF, will  valve mechanism should be checked after landing .. 
there be any necessity for diluting for more than 4 min-
utes. Under such extreme conditions, dilution · of oil in 6-32. In extremely cold weather. and when using long 
hydromatic .. :propellers; is also necessa:ry: This. can : · be · - dilution -�ods before stopping• the·,ertgine{ the '� 

·accomplishect-after } .. or 4 minute's dilution _by incieas� tine conterifof.the diculatirig oil ma:;y becom-=_ ��emely. 
ing _rpm to 1500 or 1600 rpm and moving the propeller high, particularly when the caution rioted above· under_ 
control to the high pitch position at least three times. ":Warm-up" is not observed. Discharge from the breather 
Stop the engine immediately at the end of the dilution may occur in thu case. Consequently, ln extremely cold 
period. weather operation, it is advisable to observe carefully the 

6-27. STARTING. A normal cold engine start,.should
be made. Dilution of oil with fuel at the time of the

engine breather -outlets during, and alter, take-off. U • ' 
discharge from the �ather occurs, it. can usually be , 
stopped if engine ,,p,ee,tY.is reduced to 2000 rpm or Iowa-. 

"-
. .

··.::-?·. 
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! . Paragraphs 6-32 to 6-41
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The introduction of gasoline into the oil sys• 
tem tends to Joosen carbon and sludge deposits 
within the engine, so the pressure oil strainer 
should be removed for inspection and deaning 
1 or 2 hours after the dilution system is nrst 
used in the season. This inspection and clean• 
ing must be repeated at short intervals until 
sludge and carbon no longer collect. 

CS-33. ENGINE STARTING INSTRUCTIONS. 

6-34. GENERAL. Ground operation of an engine
should not be attempted . until the aircraft bas tirst been
removed from the hanger. Preparing the . engine · for
flight wiU include starting, warm-up, ground checks and,
in the case of newly installed engines, a complete inspec
tion of the install ationafter the nrst run-up. It is recom
mended that all ground operation be conducted with the
engine cowling installed since the overall engine cool
ing is dependent on the air6ow across the engine with
cowling installed. While it is possible to maintain cylin
der head tempeatures within limits at low powers with
out engine cowling, it is probable that cylinder barrel
temperatures will be exceeded due to the reduced air
flow. If the barrel temperatures are exceeded the oil nlm
may be destroyed with resultant ring and cylinder barrel
damage.

· · 

6-35. CONTROL POSITION CHECK.
Ignition ..... .... . ........... Oil _ 
Mixture ... . . . ... . ...................... Full rich or 

Automatic Rich 
Propeller . .. Counterweight Type - low 

rpm (high pitch) 
Other Controllable Types 
- high rpm (low pitch)

Carburetor ...... : ... : ......................... : ........ Cold (Off) 
Filtered Air .................................. Unfiltered (Off) · 
Cowl Flaps .............................................. Full Open 
Oil Cooler Shutters ...................................... Closed 
Throttle .................................... 1/10 to 1/4 Open 

6-36. STARTING PROCEDURE.
· a. �te the manifold pressure gage reading before

starting the engine as a reference for the power -'and 
magneto checks. 

b. Pull the propeller through 4 or 5 revolutions by
hand. Always pull the propeller through in the direction 
of engine rotation. Do not back up the propeller as this 
may force fluid through the intake valves and allow for 
the possibility of .fluid lock when engine is started. 

c. Fuel,Supply-On.

76 

_W_A_R_N-IN_G ___ I 
Do not operate the throttle before the engine 
sou.rs to nre. The fuel thus discharged from 
the accelerating pump may setde in the air 
intake, with _ the possibility bf catching fire

should the engine backfire as it sta.rts. 
d. Auxiliary fuel pump; build up fuel pressure

not to exceed 3 psi. Pressure in excess of � psi may flood

the carburetor. 
e. Energize starter (if inertia type).
f. Prime.

Move mixture control to Full Lean or Idle Cut• 
off. 
Move throttle back and forth through its full 
travel, 0-2 strokes for a warm engine, 3-4 stroke» 
for a cold engine. 
Return mixture control to Full Rich or Auto
matic Rich. '
Raise fuel pressure to 3 psi momentarily. 

g. Ignition - If using inertia staner, ignition on
Both; if using direct cranking starter, ignition Of/; then 
switch to Both after one revolution of the crankshaft. 

h. Engage starter (If manually controlled, close 
booster switch simultaneously). 

i. After engine tires, adjust engine speed to 500-600
rpm, watching for oil pressure rise. 

\. 

If oil pressure does not register on gage almost 
immediately, STOP engine. 

j. Move propeller control to high rpm (low pitch)
for 2-position and constant speed propellers (countCl'• 
weight type). 

k. Adjust the heat conaol to maintain s,o°F (32°C)
carburetor air temperature. 

1. Adjust to 1000 rpm. 
m. If a stan is not completed almost immediately,

reprime and repeat starting procedw:e. 

� 
. If the engine does not � alw two or three 

- attempts, an investigation should be made to
ascenain the cause. 

6-37. WARM-UP.
Control Position Check
Mixture ............................... Full rich 
Carburetor heat .. ....... .. .. .. . . .To maintain 32 °C (s,o°F) 

- carburetor air temperature 
Filtered air , ........................... As needed 
Cowl Baps �· ........... ............. Full open 
Oil cooler shutters ................ Posed 
Propeller ... , ............................ High rpm (low pitch) 
Throttle . .. .. . . . .. .. .... ..... , ... 1000 rpm 
6-38. SPECIFIC GROUND CHECKS •.

6-39.· The :foUowing-ground·,check.s,,must ,.not .be-made.
• until: the oil-in temperature is at lea.sf;40�c . (,lOO.';F).
-:Make the checks with carburetor heat in die ·-cold 
position. 
6-40. IGNITION SAFE1Y CHECKS. 
6-41. J:'lerform this check during warm-up. Switch igni
tion frpm Both to Right and back to Both. Switch igni
tion from Both to uft and back to Both. Switch ignition 
to .QO momentarily and back to Both.
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6-42. A slight drop in rpm when operating on each
separate magneto, and complete cutting out at Off posi
tion indicates proper connection of the ignition leads so
that higher powers may be safely imposed.

Nate 

The following tests must be made with a mini
mum oil-inlet temperature of at least 40 °C 
( 100°F) and with carburetor heat control in 
cold position. 

6-43. P ROPELLER GOVERNOR CHECK, Check pro
peller governor according to propeller manufaaurer•s 
recommendations. 

Testing of the feathering action of the propel
ler is not recommended by the propeller manu• 
facturer when the engine is inoperative; but in 
some installations this test is possible. If the 
feathering switch is held on after the propeller 
is completely unfeathered, high pressure oil 
will be discharged into the engine oil system 
through the propeller dome pressure relief 
valve. Since there is no engine oil pressure in 
the pressure oil strainer chamber when the ·
engine is inoperative, pressure from the feather
ing pump against the top of pressure oil 
strainer-assembly may cause the strainer to 
collapse. Therefore. if feathering action of a 
hydromatic propeller is . tested, remove the 
pressure oil strainer from the engine before 
the · test is made. When the test is completed, 
remove the sump drain plug (front sump 
plug). 

6-44. POWER CHECK. 

Paragraphs 6-42 to 6-62 

6-50. Normal drop-off in either Right .. or uf I position
js 50 to 75 rpm. Maximum drop-off in eith_!!r Righi or
u/1 position should not exceed 100 rpm .. Maximum dif
ference in drop-off berweai Righi and IA/ I position
should not exceed 40 rpm.

6-51. INSTRUMENT READINGS.
6-52. Check oil pressure, oil temperature, fuel pressure
and other items at manifold pressure equal to field baro
metric pressure, propeller in low pitch (high rpm).

6-53. CYLINDER HEAD TEMPERA llJRE. 
6-54. Do not exceed 232 °C {450 °F) cylinder he.ad ttm•
perature during ground operation.

6-55. OIL PRESSURE ADJUSTMENT.
6-56. Desired adjustment at manifold

pressure equal ro field barometric 
pre51ure and with 60°C (140 °F) oil
inlet temperature ....... .. . ,,. . _. 75 to 85 psi. 

6-57. FUEL PRESSURE ADJUSTMENT.
6-58. Desired · fuel pump adjustment at

manifold pressure equal to field baro-
metric pressure . ..._ ... ...... . -5 ::!:: .t psi.

6-59. OIL PRESSURE LIMITS.
Psi 
70 Minimum at 2300 rpm .. 

Maximum at 2300 rpm
Minimum at 2000 rpm 

, . .. . .. 90 
. ...... .. , 60 

Desired at 2000 rpm _. . . . . . . .  . .  ..... ........... 70 
M�um at �400 to 1800 rpm 
Minimum at 1dle ....................... .. 

.. ··•··· .. . . ... ·-· ....... 50 
··--·"""• ................. 10 

6-60. OIL TEMPERATURE-LIMITS. C° F" 
Minimum for Ground Test ....... -....... ............. 40 104TB. 
Maximum for Gro�nd Test ..... -.................... 85 185 
Minimum for take-off and flight .................. · 40 104 
Maximum, level light ... _.. ... ........ ................. 85 185 
Maximum, climb ..................... .. ·----····••"•·· .. 85 185 

6-45. Open the throttle until the manifold pressure is 
equal to the field barometric pressure (indicated by the 
manifold pressure gage reading before the engine is
staned). · 6-61. FUEL PRESSURE UMITS. 
6-46. The- rpm obtained should be approximately 200Q_ Maximum ·-··· .. ·c:.--"·-·- ... • .................................................. : 6 

_ rpm, depending on the low pitch setting of the pro- Desired ·· ... · · · · ... , ......... ···· .. ·· · . .  · .. · · · ··· ............ , ... ... · · .. • ....... ·.. 5 
peller. Variation in altitude of various fields will not Minimum ........ :: ....................... _ .. : ................................... 4 
change the -rpm that will result when opening the Idling ............... : ..... .................. ., .... _ .................. .............. 2 
throttle to the manifold pressure equal to· the field 6-6l. CA RBURE T O R  ID L I N G  M IXT U RE 
barometric pressure. STRENGTH CHECK (450 rpm). Move the mixture 
6-47. If the approximate rpm cannot be obtained when control slowly lowartl Idle Cut-off, manually adjusting 

. performing. the above check, an inv-estlgation .. should be · ... to-obtain best power mixrute.:Observe. the.rise or fall in 
. . made to .. deteii:nine · the · cause for . ,the .apparent · loss · o_f _ . · . _ rpfu,: and/or .. ma.rufolc.l pressure. · This . should .. occur. at· a
- power. point approximately % to % of - the •quadrant travel • 

6-48. MAGNETO CHECK. 
6-49. Make magneto checks at manifold pressure equal 
to field barometric pressure; Switch ignition from Bolh 
to Right and back to Both. Switch ignition from Both 
to 'u:f t and back to Both. . . -

from the Rich position. Read instruments. Move the con
trol back into Rich position before the engine stops. U 
the idling adjustQ1ent is pioperly set at the recommended 
rpm, there will ,be an inaease of not more than 10 rpm, 
and a corresponding drop as the control is moYed back 
to Rich •.. 
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6-63. This check should be made in relatively still air 
and with cylinder head temperatures at stabilized idling 
temperature. A strong wind or abnormal cylinder head 
temperatures affea the rpm change. Refer to paragraph 
1-,;2 for specific adjustment instructions. 

6-64. ENGINE EQUIPMENT OR ACCESSORIES
CHECK. 

6-65. Consult the Airplane Manufacturer's Handbook
for instructions.
6-66. STOPPING.
6-67. If a cold weather start is anticipated, refer to para
graph 6-25 for a general description of the system, and
to the airplane manufacturer's instructions for the specl
.6c dilution procedure to be used.

a. Idle until cylinder head temperature is Jess than
204°c. 

b. If Hamilton Standard counterweight propeller is
used, shift propeller control to low rpm. 

c. Move mixture control to idle cut-off or full lem.
d. When engine stops, tum ignition off.
e. Turn fuel selector off.

6-68. After stopping, lea,·e cowl flaps wide open for 
IS minutes. If idle cut•off or full-lean does not stop 
engine: 

a. Close throttle.
.. 

b. Tum ignition ol�
c. Slowly open throttle.

SECTION VII 

ADJUSTMENT, REPLACEMENT, AND MINOR REPAIR 

7-1.' GENERAL.

".'-2. The work outlined in this section can be per
formed without the facilities usually available at major 
overhaul activities. 
7-,;. These.instructions are written with the understand
·ing µtat all lockwiring; co�erpins, palnuts, nuts, washers,
bolts, and screws will be removed wl)ere necessary in
disassembly procedures and that new gaskets, packings,
cotterpins, .and Jockwire will be installed at assembly.
Fiber insert nuts and palnuts may be continued in service
as long as they are free from mutilation and provide an
�ffective lock.
7-4. The surfaces of all engine parts which are subject
to friction should be coated with oil or other suitable
lubricants prior to their assembly to the engine.
7-5. Care should be taken to prevent dirt, dust, or
other foreign matter from entering the engine. Suitable
plugs and coverings should be used over all openings
in the engine:-
7-6. When other engine parts interfere with the 
.removal of a single pan, the procedure for removing 
them can be found under their individual beadings in 
the following text. For information about other inter
fering parts peculiar to the particular installation, the 
applicable aircraft manufacturers' handbook should be 

· consult,ed.
7-,;.. 1:. B,;f er· to: ·Section VIII for a numericaily., chii.rte.d. ·
tool list, ancl to paragraph 7-110 for the torque recom
mendations required in servicing the R-985 engine.

7-8. lOCKWIRING.

7-9, PRELIMINARY INFORMATION.
7-10. This section, outlining the fundamental pnna
ples and practical application of lockwiring, has been
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prepared for the guidance of personnel respons�ble for 
the assembling and overhauling of these engines. Because 
of the many theories existing as to how lockwire should 
be installed, it is believed that a standardized procedure, 

· incorporating the best methods, is desirable. The methods
- chosen were select_ed for their efficiency and ease of instal-
lation. ·
.7-11. Lockwiring is the most positive and satisfactory
method of securing in plate the _various bolts, nuts, cap
screws, and studs which hold together the -parts of an
engine and which cannot otherwise be satisfactorily
locked. Generally -"'peaking, lo�g is the· tying

· together of two or. m9re parts in such a manner that
any tendency of any one pa.rt to loosen. will automatic
ally be encountered by the tightening of the wire. Cotter•
pins are usually associated with castellated nuts; how•
ever, if the �ellated nut is used on a stud, a cotterpin
would ser:ure the nut to the stud, but would not prevent

_ ·. the stud from backing out of the housing. In a case such 
as this, the lock.wire will act as a cotterpin and if the 
wire is then attached to an adjacent pan, the stud also 
will be held securely in place. 
7-12. There are many combinations of Jock.wiring with
certain basic rules common to all. These rules can be
outlined as follows:.
. · a. .. uu::kwil:.eMusJ '.Alu·111s·Tend lo TigbJ�n.�Th.e wire 

: must be-installed in such a way that it win a.lways· .toun• 
teratt any tendency of the part to looscttttlitother"WOTds, 
it must always tend to tighten and keep the part locked 

· in place.
b. Lodtwir� Must Nn•n- B� O,·erslr�suJ.· Extreme

. .·· .·car.# must be exercised when twisting the wires together 
'10 insure that wires are securely tightened, but not stressed, 

. fto the point where they v.·i11 break under a slight toad. 

• • ,  . 

---· -·--·--·-,,...,,._- --.·�.-.... . .......... ,,� ... -�-----·-·· . 
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Figure 7-1. O'Clock Positions 

c. Loekwire Must Be Tight When lmta//ed. That is
most important to prevent vibration with resultant 
fatigue and failure, and also to prevent the wire from 
rubbing against seme adjacent part, causing wear. 

· · d. Lorkwire E11ds Must Always Be Bent Tou,ard The 
E11gi11e. This is primarily a safety precaution. to guard
against possible injury to the hands of the mechanics
working on the engine. It is also imperative that the 

part or parts to he lockwired are torqued to specifica-
. tions and the holes properly aligned before any attempt 
is made to proceed with th� lockwiring. . 

Figur, 1-2. Inserting Wire 

Figure 7-3. Positir,n of Wire Af.t.er Sendinr, 

a. Insert wire of the proper gage through the ho�
which lies between the three and the s .ix o'clock posi
tions on the bolt head [figure 7-2]. ···· 

Note 

To determine thi proper wire to be used in • 
conjunction with a particular tightening op-•· 
eration, refer to· the Engine Parts Catalogr 
in which the part· number of the wire is lo- · :i 
cated with the .number of the pan which lock$. 

7-13. HOLE ALIGNMENT. Check the units to be
lockwired to make_ sure that they have been correctly
torqued and that the . wiring holes are properly posi
tioned in relation to each other. When there are two
units, the hole iO.:: the first unit should be between the 

three and the six o'clock positions and the hole in the 

second nnit between the . nine and twelve o'clock posi
tions [Figure 7-JJ. Positioning the holes in this man
ner insures that the wiring will have a positive lock
ing effect on the two units, since the braid will always
exert a tightening pull on both units. Never over torque
or loosen units to obtain proper alignment of the holes.
It should be poss.ible to. align the wiring holes when b. Grasp the left; end of the wire the fingers and
the .. units are, .to.rqued within -theispecilied.:lirnits. How- , . berid iu:l<>£kwise _atound the head of-the boit arifundez 
.e¥er;,ifitJs·imptissible;to obtain .a':,pro.peralignment of . · (h�;,ptber -end of ;�e wire {.Figure 1-,-.3). 
the holes without_ either over or under torquing; another c. Pull the logp very tight all around the head. of the
unit should be selected which will permit proper align• bolt v.·ith the J�1¢rs. Grasp the wire only at the end in ment within the specified torque Hmits. order not tor.m.µtilate any portion which is to be twiste� 
7-14. LOCKWIRING PROCEDURE. Bolts will be Holding the:# ends apart and keeping the loop tight 
used for the purp06e of describing the Eolowing gen• · around th,: hem:! of the first bolt. twist the wires around 
eral wiring procedure: each otht;(m a clockwise direction to form the braid. 
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Figurtt 1-6. Pulling Sroid Taut 

F;gure 1-4. Twisting Wire 

f;gure 1-7. Second Solt Secure 

figure 7-5. Wire Sroiderl figure 7-8. Twisting Wire Ends -

Continue twisting the. wires by hand toward the second. stiff braid reduces vibration and resultant wear. 
bolt. until the end of the braid is just short of the sec• · Do not overstree the wires by attempting to
ond bolt's hole which lies between the nine and. the twist the braid too tightly. · -

twelve o'clock ,position [figure 1-4]. · e. After making sure that th.e braid is not too long
d. Mak.e s�re �hat the !oop around the head of !'1e that it cannot be pulled taut between the bolts, insert 

�r�t bol!u sun nght0 �d-1'? place; then grasp the wites. -s"'the:.erid·ofthe-wire ·which.is-on topcthrough,,the·hoJe1n:�h� pws !'f the pb!rs ·JUSt beyond,- t�e end of t�e� ---,,;::between •the· nine aruLthe .twelve o'aock�positions on
b�a,d _and, w�th the b�a•� h:ld ta�t, twist m a dockwJSe · the second bolt head. Grasp the- end.of this wire with
direcuon until the braid is suff ff19ure 1-5]. the pliers and pull braid taut [Figure 7-6]. 

Note (. Bring the other end of the wire counterclockwise 
. Twisting the braid in a clockwise direction has 

the effect of securing the loop down around · 
the head ot the first bolt. The rigidity of the 

arouna the head of the second bolt and under the wire 
end \,vhich protrudes from the bolt hole [Figure 1-1]. 
_ g. Pull the resulting loop tight with the pliers; then 
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Figure 7-P. Ends Twisted 

Figure. 1-10. Cutting Excess Wire 

.to keep the wire in place down around the head of the 
second bolt, twist the wire ends together in a counter
clockwise direction [Figure 7-8]. 

h. Grasping . the .ends of the wire beyond the twist ·
with the pliers and keeping the wires under tension, 
twist them tight in a counterclockwise direction. With 
the final twisting motion of the pliers, bend the twisted 
wire ends to the right around the head of second bolt 
(Figure 7-9]. 

i. Cut off the excess wire at the ends with diagonal
cutters, leaving at least three full twists and avoiding 
sharp or projecting ends [Figure 7-10].

Do not twist-off the ends of the wires with 
pliers. 

7-15. BASIC TYPES OF LOCKWIRING. Many
separate wiring operations are required, most of which
are covered by the seven basic examples · illustrated

. in figure 7-JI . 
. 7-"16. Examples 1 and 5_ illustrate ·the proper method 

of wiring bolts, fillister head screws, square head. plugs, . 
and similar parts which are wired in pairs. 
7-17. Example 2 illustrates the proper method of wir
ing a bolt or similar. part of a castle or slotted nut.
7-18. Example 3 shows how to wire three or more
units together. Note that the braid between the second.

Figure 7-11. Seven Basic Example, 

and third units should be twisted counterclockwise so 
that the wire from the hole in the second unit will be 
on top of the loop around the second unit to . hold it 
down in place. The wire inserted in the lockwire hole 
in the third unit should be the lower wire of the braid 
and beyond the third unit this wire should be braught 
over the other wire to secure the loop in place arond 
the head of the third unit. · 
7-19. Example 4_ illustrates the proper method of wir-
ing studs and castle nuts together.

· 

· 7-20. Examples l> and 7 illustrate the proper method ·
of wiring a screw or a plug to a fixed point, such as a
Jug.

7-21. CHECKS AND ADJUSTMENTS.
7-22. ADJUSTMENT OF V.ALVE CLEARANCES.
Adjustment of valve clearances is usmlly not necessai.y
during normal periods between overhau� If an adjust•
ment should become necessary, however, perform the
work_ when the engine is cool. • . · · 

a. Remove the rockerbox covers and the front spark-
plugs of all cylinders. . . . 

b. Adjust the valves in the order of cylinder firing
(1·3·5•7•9·24-ft8). Rotate the crankshaft, in the normal 
direction of rotation until the desired piston is at top 

y ( 

Figure 7-12. Cliecltins, Valve Adjustment 
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dead center of its compression stroke (both valves 
closed). 

c. Loosen the adjusting screw locknut three or four
turns. Insert the .010 inch feeler of R4t-G-415 Gage be
tween the valve stem and the adjusting screw insert 
[Figure 7-12]. Using PWA-4152 Driver, set the 
adjusting screw so that there is a slight drag on the feeler 
gage. Lock the screw in this position by tightening the 
locknut to the recommended torque. 

d. Not more than six threads (¼ in.) or fewer than
three threads (¼ in.) of a •'lah•e adjusting screw should 
show above the locknut; and there should be a clear
ance of not less than .031 inch between the outer valve 
spring washer and the rocker with the valve just start• 
ing to open. If the clearance between the valve spring 
washer and the rocker is less than .031 inch or if more 
than six threads on the adjusting screw show above the 
locknut, the flat face of one or both of the pushrod 
ballend spacers may be ground, or the spacer can be

replaced with a thinner one or eliminated entirely to 
obtain the desired clearance. If fewer than one and one-

.· half threads of the adjusting screw show above the 
locknut, a thicker spacer should be used at one or both 
ends of the pushrod. Make all other valve clearance 
adjustments in the same manner; then turn the propeller 
shaft in the normal direction of rotation two revolu• 
tions, and recheck the clearance of the val".es which 
were adjusted. 

Changing pushrod length to obtain correct 
adjustment:, should be made only when it is 
assured that no other discrepancies exist in the 
valve gear train, 

e. InstaII the rockerbox covers and gaskets. Install new
gaskets, otherwise serious oil leakage may result. Tighten 
the rockerbox cover nuts to the recommended torque. 

7-23. IGNITION SYSTEM [figure 7-13]. Ignition is
furnished either by t\>.'.O Bosch or tw() Scintilla magnetos,
located at the rear of the engine. The magnetos seldom
need attention between overhauls. Under normal condi
tions, the wear or burning of the breaker points offsets

· the wear of the cam follower. However, a faulty con
denser or the presence of oil or grease on the points may
cause excessive burning of the points. Lack of lubrication
may lead to excessive wear of the cam follower. If the
wear at one of these locations exceeds the wear at the

· . ·. • other,. a change in ..spark.liming :wllJ result. Jf igniw:m
trouble.occurs.and the sparkplugs;leads, and connector· 
are examined and found to be in good condition, the 
breaker points should be replaced with a new or recon
ditioned set and checked for proper timing and svnchro• 
nizatic>n. ·. · . 

• 

1-24. BREAKER POINT INSPECTION. If the breaker
point surfaces are fouled with oil or dirt, or are burned
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excessively [ Figure 7-14 J replac.ement of the complete 
breaker assembly is recommended. In an emer_gency when 
no replacement parts are available, a fouled assembly can 
be made sen·iceable for tempprary use by removing it 
from the magneto and washing the point surfaces care• 
fully using dry deaning solvent (Specification P-S-661) 
or dean unleaded gasoline (Specification VV•G-109) 
as a cl eaning agent. When this is done, the deaning 
agent must be allowed to completely evaporat e before 
placing the assembly back in service. 

f . CAUTION. J 
. .. .. .. , ... 

\'When inspecting' the breaker points, do not 
raise the breaker, main spring beyond a point 
giving J 116 inch clearance between the points. 
Any further tension on the spring will weaken 
it and adversely affect the performance of the 
magneto. 

7-25. SCINTILLA MAGNETOS. After the assembly
has thoroughly dried, check the cam follower felt for the
proper amount of oil by squeezing the felt tightly
between the thumb and forefinger. If the fingers are 
moistened with oil when this is done, the felt is ade
quately lubricated and NO more oil should be applied.
If no oil is left on the fingers, the follower felt is too
dry and should be oiled as follows: Apply one drop of
S. A. E. No. 60 Aircraft engine oil to the bottom felt
pad, and one drop to the upper felt pad, Allow at least
15 minutes for the felt to absorb the oil; then blot off
any excess oil with. a dean ck,th. Reinstall the assembly
in the magneto and secure it with the two locking screws.
The breaker points must now be checked for proECr
adjustment (timing and synchronizing). .

7-26. BOSCH MAGNETOS. No manual Iubrication-1>f
the cam follower should be required "'between major -
overhaul periods. The distn'butor gear shaft is partially
hollow, with the space thus provided acting as an oil
reservoir. When. the oil reaches the surface of the gear
shaft it travels through a small hole in the cam to the
surface where it .lubricates the contact area between the
cam and follower block.
7-27. If the breaker points are unfit forfurther service. 

the complete breaker point assembly should be replaced,
unless the special tools required to install the breaker
points to the breaker plates are available.

7-28. R EMOVAL OF BREAKER PLATE ASSEMBLY.
a. Remove breaker cover.

... b .. Remove. the ¾"hexagon.nut.
. -c; Remove the timing coifdr a�d �opper sealirig · g�sl..-et. 
d; Disconnect the prima,ty lead. · 

, e. Remove the three fa;tening screws which secure the 
breaker assembly to the_�ar housing. The entire breaker 
assembh· can now be: i:emoved. 

f. �'ithdraw th�>b�aker cam., key, and copper washer
front the distril:i.t1'°r gear shaft. . . . · . · . .·. 
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WHEN lliE SWITCH IS ON II (IIIGHT) 
THl IIIGHT i.tAGNETO IS f'llllNG 'TM[ 
f'JIIONT Sl'M!o; l"UJGS. 
WHlN THl SWITCH IS ON L (LEFT} 
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l_ 
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@ (MAGNETO DISTRIBUTOR) 
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® (MAGNETO PRIMARY WINDING) 
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(f'RONT IGNITION MANIF'OLD) 

MAC. IIU)CK NO. 
C'l'I..INDERNCI. 

l.OCATION OP#m!s IN 
. -· RIGKT .MAGI\ICTO c.0N0UIT 

· SHOWING ·MA(;;t!LOCfio"NQs: 

CYLINDER NOS.Of" REAR SPARK PLUGS 
(REAR IGNIT�N MANIF'OLD) 

Figure 7-13. Ignition Syst�m 

S�ction VII 
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Figu.re 1-14. Breaker Point Conditions

7-29. INSTALLA1l0N OF BREAKER PLATE
ASSEMBLY. 

a. Fish primary lead from breaker assembly through
hole in gea1' housing assembly. 

b, Mount the breaker plate assembly to the gear hous
ing, with the three fastening screws, lockwashers and 
plain washers, finger tight. . 

c. Slide the copper washer over the distributor gear
shaft, until it: rests against the bearing. 

d. Mouet the cam with woodruff 1'ey and copper
gasket on shaft. 

e. Assemble timing collar · which fits into cam slots
in one position only, by pressing it into place by hand 
until it seats in the slots. 

f: Install and tighten hexagon nut. 
g. Secure the primary lead.
h. Turn the propeller shaft and locate fi�ing position

as described in paragraph 7-31. At this setting the 
breaker points should be starting to open. Place a 
straight edge across the step of timing co11ar [Figure
1-15]; it it must line up with timing marks "T" on
rim or gear housing. If this is not the case, loosen the
three fastening screws and turn the entire lireaker plate
in its slots until the marks do line up, the then tighten the
three screws firmly. Check the breaker point setting at ·
this ti�e by inserting a .009 feeler blade between the
points. Jar the propeller shaft in the direction of rota•
tion until cam follower is on the highest point of No. 1
lobe. The feeler should just become free. If feeler blade
indicate that th� breaker point opening is other than
.00!). to .01.0, then adjust by loosening screw and moving

:· -contact bracket. with point, sligbdy by-means of -ecc:en
tricidly-leaded · srod,, until correct ·opening , .. is•· obtain�. 
Tighten screw firmly after the adjustment has been 
made. 

. . . 

7-,3p. BREAKER POINT ADJUSTMENT. 
a; Do not change the adjustment of the breaker points 

unless the, following check indicates the nece11sity. 
. b: Remove the front sparkpfugs from all cylinders and

install PWA-3252 Vent Plugs in the sparkplug holes. 
Turn the crankshaft, until the piston of No. 1 cylinder 
is at the top center of its compression Jtro"ke. Remove 
the breaker compartment covers of the magneto. 

c. Attach the red wires of PW A-2417 Timing lndica•
tor to the breaker poinu of the magneto and ground the 
black wire to the engine. Turn the ignition switch in the 
cockpit to the "Both" position. 

d. Turn the crankshaft opposite the normal direction
of rotation approximately 90 degrees; then turn it in tl\e 
normal direction until the lights of the indicator just 
flash on. As the lights flash on, the cam of the magneto 
should be just beginning to open the breaker points, and 
a straightedge should align with 1/32 inch of the rim• 
ing mark on the magneto housing. If the straightedge is 
not within the 1/32 inch alignment. adjust the breaker 
points as follows. 

e. With the magneto cam in its proper position to
open the breaker points - that is, with the straightedge 
aligned with the timing mark on the magneto housing, 
loosen the contact bracket screws on Scintilla magnetos 
or, if Bosch magnetos are installed, loosen the breaker 
plate screws. Turn the eccentric adjusting screw· until the 
indicator light just flashes on, indicating that the points 
are opening. Tightea the screws. 

RED DOT 
ON CAM 
INDICATES 
NO. I LOISE ---..::11�..._ 

STRAIGHT ED.Bl:; PLACED �CROSS STEP OF TINING COLL.AA 
MUST CDINClDE WITH TIMING MARl<S "T" \I/HEN CONTACT 
POINTS .Sl'.Afl-T TS, OPEN ON NO. I CAIi LOBE. THIS WILL 
61\lli t�OT -£ GAP. PERMIS81f.Lf LH•ITS ARE I /:SZ ON 
EITHE.fl �ICE OF TINING MARKS T • . 

Fig��· 1-15. Checking Bosch Magneto 
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f. Check the setting of the points by turning the
crankshaft approximately 90 degrees opposite the nor
mal direction of rotation and turning the crankshaft 
back until the indicator light just flashes on. At this 
point the straightedge should line up within 1/32 inch 
of the timing marks on the magneto housing. If the 
points c.annot be adjusted so that the straightedge will 
align within 1/32 inch of the timing marks, replace the 
breaker assembly. Turn the ignition switch in the cock
pit to the "Off" position. Remove the timing inqicator 
from the magneto. Install the breaker �ompartment 
cover. "' 

7-31. TIMING AND SYNCHRONIZING
MAGNETOS. 

a. To determine whether the magnetos are properly
timed to the engine and synchronized with each other, 
the following check should be made. 

b. Remove the front sparkplugs from all the cylinders
and install PWA-32S2 Vent Plugs. Locate the compres
sion stroke of No. 1 cylinder by either of the following 
methods: {l ]Hold finger over sparkplug hole and turn 
propeller in normal direction of rotation until compres
sion stroke is noted; or (2] Remove the rockerbox covers 
from the No. 1 cylinder and turn the propeller shaft in 
the normal direction of rotation until the piston is at the 
top of .its stroke as determined with the aid of the end of 
a pencil or a length of wood dowel. Move the propeller 
back and forward and note whether the valves of the 
cylinder are actuated. If the exhaust and inlet valves of 
the cylinder are not actuated, the cylinder .is on ·its com• 
pression stroke. If either or both valves are actuated, tutn · 
ihe propeller until the desired condition is obtained. 

�tall R85-1407S Indicator (TimeiR�te) in the top 
kplug hole of No. 1 cylinder [Figure 7-16}. 

f .. auri�t. . f _
Use pivot arm "A" of RBS-1-4075 Indicator 
with the hook end up. 

figure 7-16. Time Rite Installed

c. Attach the red wires of PW A-2417 Indicator to the
breaker points of the magnetos and ground the black 
wire to the engine. Turn the ignition switch.in (he cock• 
pino the "Both" position. Align tl:fe cap of R85•1-4075 
Indicator so that the slide slot lines up with the vertical 
axis of the cylinder and the scale is at the right of the 
slot. Push the slide pointer up close to the pivot arm 
(fi9ure 7-J7J. Turn the crankshaft in the normal direc
tion of rotation until the pivot arm pushes the slide 
pointer to its farthest point (Figure 7-J8J. Turn the 
crankshaft 90 degrees opposite rotation to return the 
pivot arm to the top of the slot. Adjust the proper engine 
scale (the scale is marked R-98S) so that the zero degree 
mai:k on the scale aligns �ith the ref ere nee mark on the 

Figure 7-17. Slide Close To· Pivot Arm• 

figure 7-19. 0° Ali9ned with Slide 
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Figure 7-20. Slide af 25° Mark

Figure 7-22. Propeller-Removed 

Figure 7-21. Pivof Arm Contacts Slide 

before top ··center •. the breaker points should brea 
simultaneously if the straightedge is in correct .relatio1 
ship to the timing marks. If the magnetos are found t 
be properly synchronized after the above check is_ mad 
turn the ignition switch in the cockpit to the "Off" Bl 

slide pointer [Figure 7-19). Move the slide pointer up _ sition and restore the engine to.its conditi()n prior 1 
to align with the 25 degree mark on the scale [Figure this check. 
7-20], Turn the crankshaft until the pivot arm just e. If the timing of one or both magnetos to tlicontacts the side, at which time the lower light in �'-engine is incorrect. it will be necessary to remove u; R85-l-4075 Indicator flashes on [Figure 7-21). The No. bolts which attach the incorrectly timed magne�() to i1 1 piston is no\\-· 25 degrees before �op center. mounting pad and move the magneto away sufficient! 

Note to turn the rubber drive coupli�. Make sure the pisto 
In timing engines that are not installed, the of No. 1 cylinder is 25 degrees before top center. If k1 
spark advance mark under the thrust bearing desired to advance the timing, the rubber couplin 
cover plate, rather than R85-I-4075 Indicator, should be turned one or two notches in a counterdod 
may be us'ed. This requires removing the thrust wise direction, the magneto reinstalled in place, and th 
bearing cover plate and the use of PWA-85 timing rechecked as described above. To retard the tirr 
Timing Pointer [figure 7-22). ing, the rubber coupling must be turned in a clockwu 

. .direction. Because of the fact that the c9�pling has. 1 
d. At this point the lights 1>f ·PW A--2411 Indicator . notches on' one ·side and 20 notches. on ·the-•other ,side,

should flash on simultaneously,"iindicadng that the points ,. •C�"'ery ,6ne,-adjustment can: be 'clT!ad� by.,·rotatin.gdt. on 
are just opening. Check the alignment .of the. timing notch. It is important that the two magnetos be S)'f 

marks with a straightedge. This will give the correct chronized to break simultaneosly with the straightedg 
"E" gap. Permissible limits arc 1/32 inch on either side or timing indicator'. in correct relationship to the marll 
of the timing marks. An· adjustment, deKribed in the on the breaker,1'jusing. Slide the magneto back int 
following paragraph, will be necessary if the magnetos position, in�ttLe bolts and recheck the magneto tia 
are not synchronized .. \'\'hen the piston is 25 degrees .ing and syn�onization. 

.• .. >· ·
"" 
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7-32. CARBURETOR IDLING ADJUSTME;NT. Idl
ing and · taxiing present special conditions. The fuel
air ratio must be held within narrow limits: to prevent
the sparkplugs from fouling because of excessh·e rich
ness, on the one hand, and, on the other, to avoid any
tendency to ".die., or accelerate hesitatingly because of
overleanness. Properly set idle mixtures will make pos
sible continuous smooth idling without danger of foul
ing. When a carburetor is once set for proper idling,
it does not ordinarily require adjustment except to cor
rect it for wide ,·ariations in weather conditions. An
idling adjustment should not be changed until all 'bther
possible causes of unsatisfactory idling have been inves
tigated. Use the following procedure when necessary.

a. Start the engine and run it approximately 1000 rpm
until the oil temperature reaches 60°C to 70°C (140°F 
to 158°F) and the cylinder head temperatures are 
normal. 

b. Run the engine up to recommended rpm and check
the sparkplugs by operating on each magneto separately. 
Refer to paragraph 6-48. If the drop�off in rpm is nor
mal, proceed with the idling adjustment. 

c. Slow down to closed throttle, 450 to 500 rpm.
Adjust the throttle stop if the engine does not idle at 
approximately this rpm .. 

d. Move the mixture control slowly toward Idle Cut
Off, manually adjusting to .obtain best power mixture. 
Observe the rise or fall in rpm and./or manifold pres
sure. This should. occur at ;i point approximately 2/2 to 
¾ of the quadrant travel from -the Full Rich position. 
Read instruments. Move the control back into Full Rich 
before the engine stops. If the idling speed adjustment 
is properly set at the recommended rpm, there will be a 
rise not in excess of 10 rpm as the mixture is leaned 
out, and a corresponding drop as the control is moved 
back_to Full Rich. 

e. · If the engine rpm decreased when the mixture con•
trol was moved. toward Idle Cut-Off, turn the idle mix
ture adjustment lever one or two notches to the left 
(counterclockwise) to richen the mixture and again 
check the rpm when the control is moved toward the 
Idle Cut-Off position. Repeat until about 10 RPM rise 
is obtained. 

f. If the engine rpm increased by more than 10 rpm
when the mixture control was moved toward Idle Cut-
Off position, turn the. idle mixture adjustment lever 
one or two notches to the right (clockwise) to lean the 
mixture; then again move the mixture control towards 
Idle Cut-Off and check the rpm. 

. g. It is desira,ble 10 . mal.ntain cylinder head. te111peia�' 
.. · tures,which ·will approximate ,,the :coolest -st�blittem puai . ·tures encountered at idling rpm under the atmospheric 
conditions of operation. 

h. The 10 rpm enrichment is needed to aid in cold
starting when the engine has a tendency to backfire and 
not to be so rich as to foul sparkplugs under warm 
operation. Tendencies-of the engine to .foul plugs or 

to torch are indications of idle adjustment being too 
rich. Tendencies to backfire under very cold starting 
can be alle\'iated by richening the idle 1:WO,,,. or more 
notches before starting and resetting after the engine is 
up to idling temperatures. 
7-33, FUEL PRESSURE ADJUSTMENT. If it is neces
sary to adjust the fuel pressure. loosen the locknut of the
fuel pump pressure relief valve and turn the adjusting
screw r/ocku-ise to i,urease the fuel pressure. or cou,iter•
c/rJck,,•ise lo decrease the pressure. When the locknut is
tightened it may change the discharge pressure slightly,
so it is ad,·isable to take this condition into account
when the adjustment is ,being made. Make certain the
locknut is tightened and lockwired after the adjustment
has been made.
7-34. FUEL PRESSURE CHECK (At manifold pres•
sure equal to field barometric pressure.) Fuel pressure
should be 5 ± 1 psi. Idling - 2 psi Minimum.
7-35. OIL PRESSURE ADJUSTMENT. Remo,·e the
adjusting screw acorn cap, on the oil pressure relief
vah•e, using PWA-978 Wrench [figure 7-23]. Loosen
the locknut and turn the adjusting screw clockwise to
increase the oil pressure, or counterclockwise to decrease
the pressure.

Adjust to give an oil pressure of 70 psi at an oil ·tem
perature of 60°C (140°F), and an engine speed that 
results from operating at a manifold· pressure equal to 
field barometric pressure. It may be neces�ary to make 
several tries before the desired pressure is obtained. 

Tight�n the adjusting screw locknut;. then, using . a 
new gasket, install, tjghten, and Iockwire the acorn cap. 
7-36. OIL PRESSURE CHECK.

(At manifold pressure equal to field barometric pres
sure.) 

Desired for adjustment 70 psi at 60°C (140°F). 
SAFE OPERATING RANGE. 
2000-2200 rpm 
1600 rpm 
1400 rpm 
Idling 

60-100 psi
SS-90 psi

Minimwn 50 psi __ 
Minimum 10. psi

Figure 7--23. Relief .Valve .. 
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Section VII TM 1-2R-R985-2 
Paragraphs 7-37 to 7-45 

7-37. REPLACEMENT, INSPECTION,
AND REPAIR. 

7-38. REMOVAL OF COWLING. Remove sufficient
cowling to have easy accessibility during the removal
of any parts.
7-39. INSTALLATION OF COWLING. Install the
cowling sections that were removed.
7-40. REMOVAL OF EXHAUST PIPING. Unfasten
the nuts and bolts which fasten the exhaust piping to

the engine. Loosen the exhaust manifold and pull it 
baclc as far as possible so that the cylinders and related
parts will be more accessible.
7-41. INSTALLATION OF EXHAUST PIPING. Move
the exhaust manifold inward and fasten the exhaust
collector to the engine with nuts and bolts.
7-42. REMOVAL OF SPARKPLUG LEAD CONNEC•
TORS AND SPARKPLUGS. Unfasten the sparkplug 
lead from the sparkplug, using PWA-1683 Wrench [f 19. 
ure 7-2{]. Be careful not to allow the elbow to tum or 
the wrench to slip; then unscrew the nut which secures 
the sparkplug elbow. Withdraw the ceramic connector 
from the sparkplug pulling the lead straight out and in 
line. with the center line. of the sparkpl� barrel; then 
.install a suitable protector cap over it I.figure 7-2$]. 
Remove the sparkplug, using PWA-3168 Wrench. Do not 
"cocku the wrench on the sparkplug; make certain that 
the "hex:" of the wrench is in full engagement with 
the 0hex:" on the plug ri:igure 7-2U 1nstall a PWA-3252 
Plug in the sparkplug hole, If the plug is difficult to

remove, removal may be facilitated in some. cases by 
turning the plug first in a tightening direction and then 
in a loosening direction. 
7-43. Inspect the. firing end of the plug(s) that was
removed. If there are any signs of cra_cked or broken
insulators, or bent or melted electrodes, it is re com•.
mended that an inspection of the cylinder be made for
signs of operational damage to the piston and combus
tion chamber. The cylinder inspection should be made
by (1-) removal of the cylinder, (2) inspec--tion o f  th_e
piston through the sparkplug hole and inspection ohhe
valves by means of a compression check,
7-44. Place removed plugs in a suitable rack or tray,
If a plug has been dropped or damaged during· removal,
ta� it for future reference.

88. 

. . . ' . 
. 

Figure 7-24. Unfasten Sparlcplug Lead 

Figure 7-25. Install Lead Protector 

· Figure 7-:26. Remove Sparlcplug

7-:45 •. PREPARATION OF SP.ARKPLUGS FOR IN· 
STALLATION. Remove sparkplugs .· from boxes and 
place in a rack for vapor degreasing fcigure 7-2Z]. 

a. Vapor degrease, using trichloroetbylene (Specifi•
cation MlL•T-7003), or equivalent for 1 t.o 3 minutes·(a 
_ longer period will do no harm). Vapor degreasing serves 
two functions: (1) removes preservative and cleans 
plugs, (2) removes any accumulated moisture. 

I WARNING I-
Avoid prol�nged breathing oftrichloroethylene 
vapors and prolonged or repeated contact 
with skin: Observe fire precautions. 

Figur• 7-21. Sparkplugs in Rode 

. ' ,., 

.: .. ·�.;,/ __ '-... . 
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TM 1-2R-R985-2 s�ction VII

Paragraph1 7-45 to 7-46 

b. Remove plugs Crom trichloroethylene and inspect
. visually. Use a strong light to inspect the firing end of 
the ceramic insulator and barrel insulation for cracks, 
dirt, or lead compound accumulation. Observe the condi• 
tion of the electrodes and inspect for mutilation of 
threads at the shell and barrel ends of the plug. 

c. Check gap clearance of each electrode with .011
inch "gon and .014 in.ch uno go" stainless steel piano 
wire. (Use Starrett pin vise as holder for wire and "roll" 
wire between the electrodes.) Do not attempt to push it 
through as an inaccurate gauge wilJ result. The wire will 
easily "roll" through electrodes of some plugs, whereas 
the same wire cannot be pushed through. The desired 
gap is .012 inch; however, if .Ol l inch gauge will pass 
through the electrodes but .014 inch gauge will not, the 
gap clearance is satisfactory. Where a plug is found to 
be closed below the lower limits, no attempt should be 
made to disassemble the plug or to open the gaps to the 
specifird clearances. Instead, return such plugs to the 
spark plug overhaul· shop. 

d. Bomb check plugs on a BG M519 tester, or equiva•
lent, at 200 psi. Observe the spark to make certain that 
it occurs at the electrodes and is steady. The plug 
should be rejected if there is failure to fire steadily at 
200 psi, or if there is any indication of firing below 
tht:' electrodes. 
7-46. INSTALLATION OF SPARKPLUGS AND
SPARKPLUG LEADS. Visually inspect plugs prior to
installation. Check firin_g end of ceramic insulator for 
cracks, dirt and gap setting. Observe the condition of 
electrodes and inspect for mutilation of threads at shell
and barrel ends of plug. Never-install a plug that has
been dropped.

a. Apply anti-seize thread compound(Spedfication
MIL•T-5544) sparingly as a.thin film on the shell threads, 
taking special care.· to coat the first several threads. 
Make sure that the compound is thoroughly mixed be
cause, after settling, the finely powdered mica or graph· 
ite separates from the compound and collects in the 
bottom of the container.A small hr'ush should be used to 

apply the compound figure 7-28]. Do not apply with 
the fingers. 

b. Visually inspect the condition of the sparkplug
insert or bushing and make certain that the top of the 
sparkplug hole is clean and smooth. 

c. Making certain that there· is a serviceable copper
gasket (only one) on the sparkplug, screw the plug into 
the cylinder with the fingers until the plug bottoms on 
the gasket. lf the plug does not screw in easily, remove 
the plug and inspect the plug and bushing threads. 

d. Minor imperfections of sparkplug threads should
be corrected, where possible; by using a small three
cornered file. Avoid use of die since the threads may be 
cut too deeply to permit a tight fit of the plug in· the 
bushing. If a die must be used, it should �«: used by 
hand .. without. a die holding handle�·J'he •die. should be·
checked pedodically .t<).be certain·it cuu-apitch <J,i11��-
eter within the limits 0.6693 to 0�15683 inch. · · 

e. Stainless steel sparkplug inserts or bushings may
be deaned with a stiff fiber or wire brush moistened 
with a dry cleaning solvent (Specification P-S-661). The 
brush may be .used so that no bristles will fall into the 
combustion chamber. The diameter of the brush and the 
technique used should be such as to preclude the re-

Figure 7-28. Compound to Sporlcpluv 
moval of materials from the cylinder head surrounding 
the insert. Special care should be taken on the spark· 
plug gasket seating surface, since removing mater!al 
from this locarion could cause combustion lealrn1te wuh 
subsequent dama8e to the cylinder head. Generally 
speaking, only a light application of a revolving brush 
will be required. 

f. Using PWA-3168 Wrench, tighten the sparL:plug
to the recommended torque. Avoid side loading or" cock• 
ing" of the wrench. 

g. Remove the plasdc protector from .the sparkplug
lead connectors. 

h, Wipe hands dry, wipe the connector clean with a 
clean cloth moistened with dry cleaning solvent (Sped• 
fication P-S--661), or equivalent, 

r .... , ................. i £ .. �#�� .. ��!! . .) 
-Never use chlorinated solvents, Alcohol, pr
Acetone ..

. i. Visually inspect the connector and spring. Do not 
touch with fingers. If necessary, replace· the .spring or 
insulator and wipe them clean. · . 

j. If desired, apply a light film of insulating com•
pound (Specification MIL-I-8660) to the connector by 
means of a c!ean cloth l:f igure 1�2n 

.l WARNING I 
= The insulatiog compound contains .minutely 

_ ground silica and mica which may act as irri• 
· tants to the eyes and skin. When compouna is

handled frequently, it is suggested that gloves
- be worn.

Figu": 7-29. Compound to Connector 
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Section VII 
Parogmphs7-46to7-49 

TM l-2R-R985-2 

k. Without touching the ::onnector or spring with the
fingers, install the connector in the sparkplug barrel. Be 
,·ery careful rhat the connector is inserted straight into 
the barrel and not "cocked," since this can result in a 
cracked insuJator or sparkplug barrel [Figure 1-30}.

I. Run the sparkplug lead coupling nut down linger
tight. Hold the elbow or lead in proper position and 
tighten the elbow coupling nut to the recommended 
torque, using P\X'A-1683. Wrench. Never use an open• 
end wrench, since damage to the barrel insulator may 
result from side loading. 

m. Check the sparkplug leads to be sure that they do
not interfere with the engine and are not twisted. 
7-4.7. REMOVAL OF ENGINE DEFLECTORS.
Remove the nuts that secure the cylinder head deftec;tors
to the cylinders. Release the spring loaded damp on the
rear side or the intercylinder deflectors and remove the
cylinder head deflectors [Figure 1-31}. Remove the
wing nuts which secure the intercylinder deflectors to
the retaining clamps; [Figure 1-:--32} then remove the
clamps and deflectors. The deflectors No. 7 and No. 8 cyl•
inder cannot be removed until the clamp underneath the
deflector has been loosened and the tee hose connection
has been withdrawn from the deflector. Tag each de
Beaor as it is removed so that it. will be reinstalled in
its proper location.
7-48. INSPECTION OF DEFLECTORS. Examine the
deflectors for dents, bonding, and the condition of the
paint.
7-49. INSTALL,A TION OF CYLINDER DEFLEC
TORS. · Install the head deftectors and secure them with
the necessary nuts [Figure 143]. Assemble the inter
cylinder deflectors and secure them with the damps and
wing nuts.

Figure 1-30. Install Connector 

.90 
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Figure 1-31. Release Spring Clamp 

Figure 7-32. Remove Wing Nuts 
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TM 1-2R-R985-2 Section VII 
Paragraphs 7-S0 to 7-52A 

··· 7-50. ·REMOVAL OF MAGNETO.
a. Loosen the knurled coupling which secures the flex

ible manifold conduit to its distributor block cover elbow
using PWA-1886 Wrench. Remove the screws which
secure the elbow to the distributor block cover.

b. If the engine is equipped with Bosch magnetos, re
move the three screws which secure the distributor block
co\·er halves to the magneto. Remove the four screws
holding each cc'l\'er to the coil CO\'er and the distributor
block housing; then withdraw the cover halves. Remove
the two distributor block fastening screws and lift: out:
the discributor block. Wrap the distributor block in oiled
paper co keep it clean and to prevent damage.

c. If the engine is equipped with Scintilla magnetos,
remo\·e the sere\\' [figure 1-34] which secures the dis
tributor block halves of the magneto. Remove .the safety
pin, di�f'ngage the two spring locks on the distributor
block cover; then remove the cover halves. Lift out the
distributor blocks and wrap each block in oiled paper
[Figure 1-35].

d. Remove the three bolts which secure the magneto
to its mounting pad and lift off the magneto and rubber
coupling.

7-51. INSTALLATION OF MAGNETO. Before in
stalling a magneto on the engine, the internal timing
of the magneto should be checked. To do this, remove
the breaker compartment cover. Attach the. red wire of
PWA-2417 Indicator to the breaker poi�ts and ground
the black wire to the magneto housing. Place a straight•
edge against the step -0.n the -breaker cam and turn the
magneto drive shaft in the normal direction of rotation.
The light of the indicator should fiash on just a:s the
straightedge comes into alignment .with the timing marks
on· the magneto housing. On· Scintilla magnetos the tim
ing marks shown through· the timing window should
align at this point [Figure 1-36]. If this check indicates
that the magneto is not properly timed, the breaker
points should be adjusted as follows: with PW A-2417
stiU•connected and the straightedge aligned, loosen the
contact bracket screws or the breaker plate screws and

Figure 7-35. Remove Distributor Blocks 

Figure 1-36. Timing Window 

turn the eccentric adjusting screw until the.indicator light 
- just .flashes on, indicating that the points are just open

ing. Tighten the attadiing screws.

7-52. After the internal timing has been found to be
correct, position the No. 1 piston 25 degrees before top
center of its compression stroke as described in Para
graph 7�31i

Note 

The accuracy of ignition timing is dependent, 
to a g�eat extent, on accurately establishing the 
firing position of No. 1 piston. Personnel 
must exercise the greatest .care in performing
this operation. 

7-52A. Mount the left or right magneto on the engine
-'\\i!b"P.lldnstaHing the·,rubber co11plrngr Measure the.dis-

.. ··. ta�ce b�-een the magneto dri\•e'shakand the .magneto
shaft couplings. making sure·that"rhe shafts are at'thefr .. 
n:iaximum distance apart. Rubber couplings are provided 
1/32 inch oversize, identified by "B + 1/32 inch" 
mounted on the face. The coupling used should be ,020 
inch to .030 inch less in thickness than. the distance be
tween the two metal couplings. Remove the magneto 

fi9ure 7-34. Removing Cover Screw from the engine. 
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Section VII TM 1-2R-R985-2 

Paragraphs 7-53 to 7-56 

7-:53 ... With the straightedge. in exact. alignment. and . 
with the rubber coupling in place, rest the magneto on 
the magneto mounting pad [Figure 1-37}. Hold the 
magneto in place and rotate the rubber coupling be
tween the two metal couplings until the rubber coupling 
can be engaged with the metal couplings without caus
ing the magneto shaft to turn. Fit the magneto over 
the cwo dowel pins on the mounting pad [Figure 7-38}.
Secure the magneto with the three bolts. Install the dis
tributor blocks. the distributor cover and tighten the 
knurled coupling. Ch�k to see that the magnetos are 
properly synchronized as directed in paragraph 7-:H. 
After this check has been completed. lockwire the three 
magneto retaining bolts [Figure 7-39}.

7-54. REMOVAL OF IGNITION MANIFOLD. Dis- .
connect all sparkplug lead connectors and remove them
from the plugs. Install protector caps on the connectors.
Remove the nuts which secure the manifold to the case.
Loosen the knurled coupling which secures the flexible
manifold conduit to its distributor block cover elbow
using PWA-1886 Wrench. Remove the screws or bolts
which secure the elbow to its distributor block cover. Re
move the screws or bolts which secure the distributor
block cover to the distributor block housing; then with•
draw the cover from the distributor housing. On Bosch
magnetos remove the two distributor block fastening
nuts. Lift out the distributor block. To remove a cable
from the distributor block loosen the cable piercing screw
which fastens the cable to the block.

Figure 7-37. Alir,n Magneto Coupling 

Figure 7-38. Two Dowel Pins 
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Figure 1-39. Loclcwire Magneto Bolts 

a. To ·remove the front manifold it is necessary to re
move the pushrods and the intercylinder deflector. 

b. To remove the rear manifold it is necessary to
remove at least the top tive intake pipes. 
7-55. INSTALLATION OF IGNITION MANIFOLD.
Insert the block in the magneto. On .Bosch magnetos se
cure it in position with the two distributor block _fasten•·
iog nuts. Install the distributor block cover halves over
the block. In.stall the screws which secure the distributor
block cover halves. Secure the distributor block cover
elbow to the cover with the screws or bolts and tighten
the knurled couplings on.·the flexible manifold conduit,
using PWA;1886 Wrench;

a. If the front manifold was removed, reinstall the
pushrods and check and adjust the valve clearance. Re
place the rockerbox cover gaskets and install the covers, 
and the intercylinder deflector. 

b. lf the rear .manifold was removed, reinstall the .in
take pipes widi new packings and copper gasket. 
7-56. REPLACING MANIFOLD WIRE. · If a con•
tinuity or high _voltage test indicates a defective wire,
check the table of wire lengths [Figure 7-40] and .r�
place the wire_ as follows:
- a. Remove the connector at the sparkplug end of
the wire, and-the sparkpfog lead conduit from the igni
tidn manifold. Loosen the coupling nut on the conduit
and slide the conduit towards the rear. Determine in
which direction- the wire will pull the easiest; then splice
and solder the · new wire into the opposite end of the
old wire.· Dust the wire with talc or soapstone . to•. pre
vent friction. Push the new wire.through as the old wire
is slightly pulled out. When the new_ wire is through
far enough� cut it _off to the proper length. . ,

· b, RemoYe-½Jnch of insulation from"-the 'distributor
block end of _,;he wire, being careful not to cut any of 
the wire strands. Separate the strands and bend them· 
back along the i_nsulation. Mark a new copper ferrule 

• with the,j,ropcr number,· using a metal stamp; then in•
stall t�� ferrule and secure it with PWA-1937•20 Crimp
ing l?,fl. Place the wire in its proper hole in the discribu,
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tor blod, (Figu,e 7-13), and secure it with.the piercing. 
screw. Push the wire through the sparkplug lead conduit; 
then secure the conduit to the manifold. 

c. Remove ¼ inch of insulation from the "-'ire, being
careful not to cut any of the wire strands. The insulation 
must bear firmly against the brass disc inside the spark
plug connector. Treat the ends of the insulation with an 
insulating lacquer. After the lacquer has dried. slide the 
connector into position on the wire. Bend the strands 
back over the wire opening in a radial pattern. Do not 
sol�er the wire. 

Section VII 
Paragraphs 7-56 to 7-57 

7-57. REMOVAL OF ROCKERBOX COVERS. Un
screw the elastic stop nuts which secure the rockerbox
covers to the cylinder heads [figure 7-41] and remove
the covers and gaskets. Rockerbox covers which are con
nected by intercylinder drain tubes should be removed
in pairs [figure 1-42], Figure 1-41. Rocker&ox Cover Nuts 

No. of 
Distributor Front 

Block Manifold 

No. 1 55" 
No. 2 48¾" 
No. 3 63¼" 
No. 4 74%" 
No. 5 611/z" 
No .. 6- 47¼" 
No. 7 553/s" 
No. 8 82;½" 
No. 9 69" 

No. of 
Distributo.r Front 

Block Manifold 

No. 1� 57" 
No . .2 60'' 
No. 3 62" 
No. 4 74" 
No. 5-. 61" 
No. 6. 47" 
No. 7 54" 
No. 8 81" 
No. 9 69" 

Magneto to Rear Manifold 
Magneto to Front Manifold 

Engines Equipped With SB9R(U)- 3 Magnetos 

Total Length Wire Length from 
Rear Rear Manifold 

Manifold to Left Magneto 

37" 201/z" 
53¾" 201/i' 
681/4" 19" 
45¼" 18½" 
291/.z" 171/z'' 
45¼" � · 18" 

593/s" 17½" 
54¼" 181/t" 
39" 19" 

Engines Equipped With SB9R(N)-4 Magnetos 

Total Length Wire Length from 
Rear Rear Manifold 

Manifold to Left Magneto 

39" 18" 
55" _19" 
67·" 0 17½" 
45" 18" 

29" ·19"
45" 17½"
58" 181/{'

. 53" 20"
39" 19''

l>IM.ENSIONS OF FLEX:IBU: CONDUITS 
Length Inside Dimension 

101/s" ::!:: ½ u" I %:r"±½o'' 
211/z"::!:: ½ o" 1 ¾l'±½o" 

Figure 1-40. Table of Wire lengtbs 

. : 
. 

. 

Wire Length from 
Front Manifold 

to Right Magneto 

33" 
33" 
311/z" 
31" 
30" 
30½" 
30" 
31" 
311/z" 

Wire Length from 
Front Manifold 

to Right Magneto 

29" 
30" 
28½" 
29" 
30" 
28½" 
29½" 
31�' 
30'' 

:.·. �" '1"'...!.-�-,. 

�,-:, ·-'•-.-:-y •. -.. ..... --> ... 

Outside Dimension 
1�33S"' - 1.345" 

I .33S" - 1,345'' 
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Section Vll TM 1-2R-R985-2 

Paragraphs 7-58 to 7-62

Figure 7-42. Rocker&o,c Cov&rs 

7-58. INSPECTION OF ROCKERBOX COVERS.
Inspect for cracks and warpage. Check the rockerbox
co,·ers for flatness, using a .002 inch feeler gage and a
surface plate. If necessary, face off the covers on a lap
ping plate, using a small amount of lapping compound
[Figure 7-43). This will insure that the covers bear
evenly on their gaskets.
7-59. INSTALLATION OF ROCKERBOX COVERS.
Place a new gasket on the rockerbox; then install the
covers and tighten the nuts to the recommended torque
[Figure 1-44]. 

7-60. REMOVAL OF PRIMER LINES. Disconnect
all primer lines at the primer distributor [Figure 7-45),
and at the Nos. 1, 2, 3, 8, and 9 cylinders to which they
are attached -[Figure 7-46). Unfasten the clamps hold-
ing them to the intake· pipes [Figure 7-47], and with
draw each line from the cylinder deflector through which
it extends.
7-61. INSPECTION OF PRIMER LINES. Look for
breaks, dents, pinched tubing, and broken unions. If

_ necessary, replace with new primer lines. 
7-62. INSTALLATION OF PRIMER LINES. Con-.
nect all primer lines at the primer distributor and insert
the lines through the deflectors. Attach them to the cyl
inders to whdh they are attached. Fasten the clamps
holding them to the intake pipes and supercharger
section.

Figure 1-43. lapping Roclcer&ox Covers 

9.( 

Figure 7-44. Torque Roclcer&ox Cover Nuts 

Figure 7-45. Primer Distributor 

Figure 1-46. Cylinder Priming El&ow 

.• Figure 7-47. Primer line Clamp
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TM 1-2R-R985-2 Section VII . 
Paragraphs 7-63 to 7-65 

7-63. REMOVAL OF INTAKE PIPES[figure 1-48]

Loosen the nut at .the supercharger section, using PWA-
5072 Wrench. Remove the nuts and bolts at the cylinder
end [Figure 1-49]; then remove the pipe.

7-64. INSPECTION OF INTAKE PIPES. Inspect for 
dents and cracks. Check condition of paint. Examine the 
nuts for breaks and condition of the threads. Replace 
packing. if it is not in good condition. 

7-65. INSTALLATION OF INT.AKE PIPES [Figure
7-50]. ln�Jall a ftat rubber seal at the supercharger end
of each intake pipe after first coating the seal with a thin
even coat of i n  s u 1 ad n 8 compound (Specification 
�UL-1-8660). Remove the supercharger case opening pro-

. tector and place the pipe in position on the engine. In• 
stall the supercharger end of the pipe first and tighten 
the packing nut finger tight. Coat a copper gasket with 
ins u 1 at fog compound (Specification MJL-1-8660); 
then install it, split side forward, at the cylinder intake 
port. Secure the pipe to the cylinder with two self-lock- Figure 7-49. Intake Pipe Nuts and Bolts 
ing nuts and one bolt. Safety-wire the bolt to the deftec-
tor assembly inter-ear bracket with a figure-eight tie 
[Figure 1-51]. Tighten the packing nut, using PW.A-237 
Wrench. Use care in tightening the nuts to avoid dam.a.g• 
ing the pipe. 

WARNING I 
The insulating compound contains minutely 
ground . silica and mica which may act as 
irritants to the eyes and skin. When the 
. compound is handled frequently, it is sug• 
gested that gloves be worn. 
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Figure 7-48. Pipe Gland Hut
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Figure 1-50..i.lntoke Pipe Assembly 

Figure 7-51. Loc:lcwlre lntaktt Pipe 
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7-,.66. REMOVAL OF PUSHRODS AND COVE&S. 
Loosen all pushrod cover nuts at the cylinder ends first; 
.then at the front case ends [Figure 1-$2], using PWA-
3639 Wrench. Turn the propeller until the piston in 
the cylinder from which the pushrods are to be re
moved is at the top of its compression stroke (both valves 
closed). Depress the rockers with PWA-455 Depressor 
[Figure 7-53], and remove the pushrods and covers. 

96 

Figure 7 "'."'52. loosen Pushrod Cover Nuts 

. ·, .  �:-�::;� 
./�

Figure 1-53. Depress Rockers

If. desired .the. baUends may be removed. usi,gg PW A-48 
PuUer [Figure 1-54] or PWA-2151-1 Dpft. 
7-67. INSPECTION OF PUSHRODS AND COVEB
Inspect for cracks and check the oil holes in the ba
ends for dogging. Examine the rods for roundness a1
straightness by rolling them on a plane surface {Figu
1-55]. Replace any ballends which are loose or exec
sively worn. Check the covers for cracks and den1
Check the nuts at each end for condition of threads.
7-68. INSTALLATION OF PUSHRODS AND CO,
ERS. One of the ballends on each pushrod bears d
number of the cylinder into which it nr:s. The exhau
rods are marked with an "Ex" after the cylinder nW1
her and the intake, rods are marked "in". Install tl

. 

:;..,/ ti .. ,.··� 

�i·�
(; 0 ' 

,· 

-

Figure 1-SA. Remove Ballend 

Figure 7-55. Check Pushrod 

r 
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packing· and seals in place in 1:ach gland nut• [figure 1-

56 ]. Coat the ballends of each rod with oil. Assemble 
the pushrod and cover assembly with the marked end 
of the pushrod and the flared end of the. cover tube 
toward the crankcase. Depress the rocker with PW A-455 
Depressor and .fit the corresponding pushrod and cover 
into position. If the· valve tappet protrudes too far to 
allow installation of its pushrod. tum the crankshaft 
until the tappet has receded sufficiently to permit insfal
lation of the pushrod. After the pushrod and cover as
sembly are in place ip the engine with the gland nuts 
secured finger tight, push the cover tube firmly against 
its seat on the tappet guide, turn down the gland nut. 
and tighten it to the recommended torque, using PW A-
3639 Wrench. Next tighten the gland nut on the cylinder 
head end of the cover tube to the same torque. and lock
wire both nuts [Figure 7-51). 

Never reverse the above sequence of operations 
as the packing on the tappet guide end might 
be pushed into the tappet compartment and be 
mutilated during engine operation. 

7-69. If the pushrod cover was not removed from the
crankcase, install the marked end of the pushrod toward

, the crankcase and guide the pushrod into the rocker 
socket while the cylinder is being installed on its pad. 

• Check the valve stem-roc�er �learance. Adjust if neces
sary as directed in paragraph 7-22.

7-70. REMOVAL OF CYLINDER ASSEMBJ;.Y. Ob-
. serve the following instructions before removing cyl

inders: Remove the masterod cyUnder, No. 5, LAST if 
it is in a group of two or more cylinders to be removed. 
Upon removal of the masterod cylinder, the pistonpin 
end of the masterod should be centered in the crankcase 
opening by using PW A-2834 Holder. The Holder allows 
rotation of the crankshaft without risk of damage to the 
cylinders, and the crankcase section, should rotation of 
the crankshaft, after removal of the masterod cylinder, 
become necessary. 

Do not aJlow the masterod to move sideways 
at any time, as damage to the pistonrings and · 
cylinder may result. 

a. Turn the crankshaft until the piston of the cylinder
to be removed is at the. top of its co.rnpression st�oke. 

·. •Remove. the ·palnuts [Figure 7;...;.58}/then iemove the ·
·,qdinder .. dlange -nuts, using>J:,WA-2000 · or• PWA-2399
Wrench and PWA-2398 or _PWA-2411 Handle [Figure 
1-59 ), leaving one nut on until just prior to the removal
of the cylinder.

If a nut is found to be loose or there has been 

failure of a stud.-rcplate that stud and the two -•· 
adjacent studs in accordance with paragt;1ph 
7-109. If only two adjacent studs have failed
or two ad jaceot nuts have been found loose,
the cylinder may be reu�d provided the nuts
adjacent to the failed studs or adjacent to the

CYLINDER 
END 

CAAt.KCASE 
END 

1/gure 7._56. Pushrod Housing 

Figure 7-57. Gland Nuts Wired 

Figure 1-58. Removing Palnuts . 
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loose nuts are found to be at least to the mini
mum torque (paragraph 7-124). If more than 
two adjacent studs have failed or if mor� than 
rwo adjacent outs are known to have been loose 
during engine operation, the cylinder should be
returned to overhaul and all studs on the 
cylinder mounting pad replaced. 

b. Remove the cylinder [Figure 7-60] being careful
that the pistonpin does not fall out. Remove the piston
pin, if necessary use� PWA-4251-10 Pusher, and lift off 
the piston. Place tht! cylinder in an appropriate carrier 
to prevent damage to the fins and the bottom edge of 
the barrel. 
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Figure 7-59. Removing Holdown Nuts 

,. 
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Fi9ure 7-60. Removing Cylinder · 

,. 

. c. Secure the rod with PW A-2834 Holder as soon � 
the cylinder is removed. Co,·er all openings }ti the cranl 
case and the supercharger case to prevent the entranc 
of foreign matter. 
7-71. REMOVAL OF VALVES AND SPRINGS. Plac
the cylinder over a wood or fiber block shaped to fit th
contour of the cylinder head. Compress the valve spring!
using PW A-459 Compressor. and remove the split lock
[Figure 7-61]. Withdraw the upper washer and spring
from the rockerbox [Figure 7-62], and remove th,
safety circlets from the valve stems. Lift out the lowe.
washer using long, nosed pliers [Figure 1-63], Rai54
the cylinders from the block and lift out the valves [Fig
ure 7-64]. Do not l�t the ,·ah-es fall out and strike th◄
cylinder walls. Place the ,·ah·es in a rack so that they wil
not be damaged.
7-72. REMOVAL OF ROCKERS AND ROCKEE
BEARINGS. Remo,·e the nut from the inner (Jarge)
end of the rocker shaft [Figure 1-65]. Hold the innei

Figure 1-61. Removing Valve Loclc 

· :ic�r·,,,:,·--·,;.�.·· . ·c··.· .. :,:. \·•�-· 
. . 

. " .. ' 
. 

. }!:''.,j:0�':f: • . 
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. y-;� .. '\l:I·---

�/ 

Figure 7-63. lift Out lower Washer 

Fi9ure 7-64. Removing Valves

Figure 1-65. Removing Rodcersha,, Nut

end ·of the shaft, using a ·9/HS inch wrench and remove 
the outer nut and washer. Drift out the shaft £Figure 
7-66], by drh·ing on the small end with a fiber drift;
then lift out the rocker [Figure 7-67]. If the beadng is 
to be removed place the rocker on an arbor press and
press out the rocker bearing, using PWA-61◄ Drift and
Base [Figure 1-68} .

. , 

,�� 

r.��.
�t-

. . 

Figure 1-66. Drift Out Roclcershaft 

Figure 1 ... 61. lilt Quf Roclr.er. 

Figure 1-68. Removing Roclcerbearing 
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. 7-73. INSPECTION OF CYLINDER 
RELATED PARTS. 

7-74. CYLINDER BARRELS. Using PWA-2630-20
Gage and pencil carbon paper, check the cylinder flange 
for flatness and squareness. If the flange is uneven or dis
torted and providing the distortion does not exceed .003 
inch, lap the fiange, using PWA-2199 Lap {Figure 1-
69 J. If the distortion exceeds .003 inch, replace the cyl• 
inder assembly. 

7-75. The greatest wear ";in a cylinder barrel usually
occurs at the rear, slightly toward the thrust side, where
the upper pistonring reaches rhe top of its travel. This
wear extends only a short way down the barrel, and rhe
main part of the barrel's choke is not appreciably af
fected unless the condition is extreme. As wear increases
at the top of the barrel, a step is formed. If this step ex
ceeds .006 inch at irny part of the circumference, replace
the cylinder assembly.

7-76. Check the bore of the barrel for out of round
ness. The bore should not be more than .006 inch out of
round. It is permissible to let the diameter of the barrel
at the step location reach .006 inch over the diameter of
a standard bore, as measured at the bottom of the barrel,
providing .006 inch out of roundness is not exceeded.
If tJ}e diameter of the barrel at the step location or the
out of roundness of the barrel is found to be excessive
tiefore 1500 hours of service, and P!oviding the cylinder
head is still in good condition, return the cylinder .. to

. . . 

. , . ..,,�· · .· 

. f
!' 

.
. 
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i . .:, -'·' /, ,-- _-t. . \\:�· .. · ..... :.,? 

�:;;yr'f 

'"" ·  •'. 

',.·. ,,
·'ff .
• i, •" 

1 

Figute 1-69. lap Cylinder Flange 

stock and hold for return to rhe manufacturer for 
barreling. Replace the cylinder assembly:. 

7-77. Use PWA-1313-T-3 Gage and PWA-312-lllndi
tor ro measure the wear and out of roundness of the ba1
[Figure 1-10]. Set the needle of the indicator at
zero mark in the gage, which represents the basic di:
eter of the cylinder barrel. The presence or extent of""
and distortion may be determined by moving the ind
tor along the length of the barrel while looking for 1
fluctuations in positive or negative directions on 
indicator in various radial positions. A positive read
at the top of the barrel indicates the amount of ch•
left in the tapered -(pre-ground) type of barrel. By
serving any difference in the diameters of the cylind
at a given distance 'from the end of the barrel, the out 
roundness of the cylinder at that location may be de1
mined. A step at the top . may ht calculated by subtr�
ing the indicator reading· obtained above the top of ! 

upper ring travel from that obtained at the exact top
the upper ring travel.
7-78. Examine the cylinder barrel for cracks, srori1
damaged tins, and other irregularities. Check the cc
dition of metallized surfaces.

7-79. CYUNDER HEADS. Examine the fins arou
the heads for cracks and breaks. BJend any sharp o
ners to broken 6ns before installing the cylinder. J
speer areas adjacent to the sparkplug bushings for crac
and also around the exhaust ports. Cowl mounting hi 
may be repaired as follows: Thoroughly clear. the si
face of the break and the area immediately surroundi

Fi9ure 7-70. lnsped Cylinder Sorrel 
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the lug. Using a welding torch adjusted to ,give a soft 
neutral flame and an Oxweld Linite welding rod (S per• 
cent silicon) with No. 4 .flux, build up the lug ·with the 
aid of a sheet iron template approximating finished 
dimensions. Use of a template will help to avoid con
siderable hand liling. Finish the lug by hand liling or 
with a hand burring tool. Locating on a normal cylinder 
from the rockershaft bushing holes, the valve guide 
bushing holes or both, make a simple drill jig. Using 
a hand drill and this jig, drill the holes in the rebuilt 
lug. It is necessary to bake or rehe�t the head after the 
repair has been made. 

7-80. CYLINDER FIN BREAKAGE. If more than 8
inches in length of any one fin is completely broken
off or if the total fin breakage on any one cylinder head
exceeds 20 square inches, the cylinder must be replaced.
Where adjacent fins are broken in the same area, the
total permissible length of breakage is 6 inches on any
two adjacent fins and 4 inches on any three adjacent
fins, 2 inches on any four adjacent fins, one inch on any
five adjacent fins, etc. Any roughness or sharp corners
should be carefully blended into the adjacent surface to

eliminate a possible source of new cracks.

Note 

The length of limits given are measured at the 
base Qf the fin ... Fin area"· is defined merely as 
the total area exposed (both sides. of fins) to
cooling air. 

· 

7-81. CYLINDER FLANGE. NUTS AND STUDS.
All cylinder flange studs and nuts should . be examined
for cracks, damaged threads and other visible defects.
Clean the threads of the studs and nuts thoroughly, using
a hand wire brush if necessary. Remove . any roughness
or burrs on the nuts, studs, or cylinder flanges .. Also ob
serve replacement requirements as outlined in paragraph
7-70a.

7-82. PISTONS. Inspect the pistons fflgure 7-7'1

for cracked heads and skirts, broken or distorted ring
lands, scored or worn pistonpin holes, excessive carbon ·
deposits, broken rings, or rings seized in the grooves.·
Rings· may be removed with PW .A-1791 _Pliers [Fig
ure 7-72]. Oean ring lands. Inspect piston head for
dishing. Check the width of the grooves by measuring
the side clearance of standard size rings. Check the pis
tonring end clearance [Fls,ure 7-73]. Replace piston

-•• .. and·. rings together-with cylinder if··necessary •. the rings 
of which have, been lapped. 

·· · · · · 

7-83. PISTONPINS. Inspect the pistonpin for scor•
ing, cracks, excessive wear, rust pitting, and out of

. . . _ .... , . 

Figure 1-7'. fn1pecfln9 Piston• 

-

,,.,... . 

�::; 
\1 

�J 
� .

. . 

, ·.': __ '>. ·· --� -11! -,---,-
;� �•;.�-.}"::?�¾i'f J;c:%�4\�!;�i,dt')r/ · . . . 

Fls,ure 7-72. Removing Pistonrins,s 

roundness; Check the fit of each pisi:oapin inJts bush-.·. 
ing in the corresponding 1inkrod and in its bo�es in the 
corresponding piston. 
7--84. ROCKERS. Examine the rockers for cracks. and 
galling. See that no oil passages are obstructed. Inspect 
the socket in the pusbtod end of each rocker for loose
ness and excessive wear. If the surface is rough or unevett, 
t.h� sock!!_t she>uld be replaced. Check. the �ndition of the 
threads i_n:the :val.ve end of the ·rocker. · 
7....::sJ/VAIV.F"'.SPRINGS. Inspect for•ttitcks, broken 
ends, inadequate spring pressure [Flr,ure 7-74}, rust 
and improper length. 

. . 
. .· i: ... . - .. 
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� 
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Figure 7-73 Pistonrlng Gaps 

Figure 7-74. Spring Pressure 

7-86. VALVE LOCKS. Examine for burrs and gal
·ting. Check the fit of each pair of locks with ir:s valve. A
lock should have no perceptible movement when it is in
place of the valve, and the radii of the lock and valve
should coincide.
7-87. VAL VE SPRING WASHERS. Inspect for cracks,
pitting, and galling.
7-88; EXHAUST VALVES. Examine the exhaust valve
for stretching and drawing of the valve · stem, using
PWA-737Gage [Figures 7-75 and 7;_.76J. Inspect for
poor searing surface, erosion [Figure 7-77) and cap
ping. Remove excessive carbon.

102 

I ·WARNING I 
To avoid possible injury to personnel, un
serviceable sodium-tilled exhaust valves should 
be carefully disposed of. (Refer to nf .· 
1•2R-l-67,) 

. . 
-;;,:,;.."""'".;.;_,.� ....... ·,...,,,.,�� ...... , .. ..:· ... .,..�.:..c .... � .... -... -. 

Figure 7-75. Valve Stem Wear 

01 

Figure 7-76. Valve Stretch 

Figure 1-17. Erosion 
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Paragraphs 7-89 to 7-9� 

7-89, STUDS. Check a]! studs for looseness, possible
fractures at the base of the threads, and projection length.
Examine for cracks, nicks, burrs, and bent studs. Replace
all damaged studs.
7-90. FAILED CYLINDER ASSEMBLIES. Expetience
has proven that an engine which has suffered a valve or
cylinder head failure may be successfuUy returned to
service if the cylinder assembly is replaced. In order to
understand the success of this practice, it is necessary to
review the circumstances which cause cylinder head and
valve failures.

a. Cylinder heads usually fail when the tensile strength
of their material has been lowered b,· excess heat and 
when the pressure inside the cy!inder is extremely high. 
These two factors can cause rupture of the head. The 
same conditions may exist in other cylinders which do 
not fail, and they regain their tensile strength when 
they have cooled. Because of this regeneration, it is clear 
that the cylinders are not permanently weakened by the 
excessive temperatures and pressures to which· they are 
subjected. 

b. Exhaust valve failures can usually be traced to an
adverse condition in the particular cy)inder in which 
they fail. For instance, there may have been insufficient 
valve clearance, valve sticking, high cylinder head tem
perature, or other factors which tend to weaken the 
valve. 

c. Although experience has proven that engines with
valve or cylind.er head .failures may be successfully re- -

n1Jt on the large end of the shaft, and tighten the nut tc 
the recommended torque. · Cotter the nuts. 
7-92. INSTALLATION OF VALVES. Oean and oi:
the valve guides and stems. Insert the· valve stems ir
their guides and place the cylinder over a domed woodec
block to prevent the valves from faJJing. Install the lowe1
valve spring washer, inner and outer valve springs, and
the upper \--alve spring washer. Compress the valve
springs, using PW A-459 Compressor, and install the splil
locks.
7-93. INSTALLATION OF CYLINDER AND PIS.
TON. If the masterod cylinder (No. 5) has been
removed, it must be, instaJled first. Coat the cylinder
walls, pistonpin, piston, and pistonrings with oil. Install
the oil seal ring undeT the flange of the cylinder, Rotate
the crankshaft until the masterod or linkrod of the cyl•
inder is at the full ourward position. Each piston, piston
pin, and cyJinder has a number denoting its proper posi
tion. Install the piston and pin with their numbered
sides toward the front of the engine. Stagger the ring
gaps and apply a generous coating of oil to the rings;
then compress the outer rings, using PW A-249 Clamp,
and slide the cylinder over the ring [Figur.e 1-18].
Compress the scraper ring with the damp; then slide
the cylinder over the ring and into place against the 
mounting pad. Center the cylinder with two Jocating
nuts and install washers and nuts on the other studs.

turned to service, .it is not recommended_that _all �ngines ____ . [�����·��:] 
See CAUTION to paragraph 7-70a. subjected to these failures he kept in service. Before· 

. replacing the cylinder i:,e certain that no metal particles 
have entered the engine. Examine 'the linkrod to ascer
tain whether or not it has been bent or damaged. Make 
a visual check of all combustion chambers to determine 
whether· or not they have been damaged in any way. 
Examine the pushrods for damage_also. 

d. After the iilStallation of a new cylinder assembly,
a complete compression check should be made. The en
gine !;hould then be given a complete ground .check. 
After this ground check, a second compression check 
should be made. In addition, make a thoroug� visual 
check of the engine, paying particular attention- to the 
condition of the cylinder flange studs, cylinder heads, 
and combustion chambers. 

e. Regardless of the number of cylinders being re
placed, the engine is to be run-in for 1/z hour at 1000 
RPM, ½ hour at 1400 RPM, and ½ hour in short spurts 
to 2000 RPM. During this run-in the cylinder head tem
perature should not exceed 205 °C ( 401 •F). 
7.,.,9l.'INSTALLATJON OFR0CKER·AND· SHAFT. 
Install· the ,,dcker bearings in the:.:Cockers, · using PW A
G i 4 Drift and Base. ·Make sure the oifhciles in the bear-' 
ings line up with the oil holes in the rockers. Place each 
rocker· in position and insert the shaft through the bush
ings and rocker. Install the oil seal, washer, and nut on 
the small end of the shaft; then, holding the large end 
of the shaft with a 9 16 inch wrench, tighten the nut to 
the recommended torque. Install the oil seal, gasket, and 

Tighten the flange nuts to the recommended torque. 
[Figure 7-79]. Install locknuts over the flange nuts, 
running them down .finger tight. Tighten the lock
nuts ¼ tum more. Any cylinder flange locknut 
which becomes loose or is backed off for anv- reason 
after wrench pressure is applied must be rem�ved !ind- discarded. Regardless of the number of cylinders being .
replaced, the engine is to be run for ½ hour at 1000
RPM., ½ hour at 1400 RPM, and 1/z hour in short

Fir,ure 7-18. lnstolting Cylinder 
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spurtS to 2000 RPM. During this run-in the cylinder head 
temperature should not exceed 205°C (40l•F). 

r . .. . . --.... 
2CAUTION (

.... �·-- - . 

Because of the necessarily special design of 
cylinder flange nut wrenches, particular care 
should he exercised in tightening nuts. See 
that the cylinder flange nut wrench, the ex
tension, and the torque indicating handle are 
so assembled that the handle is directly oppo
site the box end of the wrench, and 'apply 
torque by rotating assembly as a unit. Do not 
let the shalt ol the wrench twist to one side. 

7-94. REMOVAL OF OIL PRESSURE RELIEF
VALVE. Remove the acorn shaped cap from the oil
pressure relief valve. Remove the oil pressure relief
valve body, then withdraw the spring and plunger. Use
PW A-671 Wrench to remove the valve seat from the
rear case [figure 7-80 and 1..:.S1 ].

7-95. INSPECTION OF OIL PRES.SURE RELIEF
VALVE. Check the tension of re lief valve spring. Note
the condit ion of the valve in valve seat. Lap these parts
together with a very fine grade of I apping compound to
form a perfect seat. Guide surfaces of valve should have
a free sliding fit in the seat. Polish guide surfaces with
c19cus doth (Specification P-C-458) and oil.
7-96. INSTALLATION OF OIL PRESSURE RELIEF ..
VAL VE. Install the valve seat in the rear case,. usi�g
PWA-671 Wrench;. Insert the plunger and spring iii.to
the oil pressure relief valve body. Fit a new gasket
under the flange· on the valve body· and screw the body
into the rear case. Adjust the engine oil pressure. Install
a gasket and screw the acorn shaped cap on the outer
end of the valve body. Lockwire the cap to the adjacei;tt

-�quarehead ·plug [figure 7-B2).

Figure 7-79. Torquing Ho/down Nuts 

figure 7-80. Installing Wrenclr 

figure 1-411. RentSJving Valve Seat 

7-97. �OVAL OF OIL PUMP. · �emoyc. the nuts
attaching the-oil pump to the rear cas,;,-A,ttach P:WA-
1327,PuUerto,tbe oil inlet port studs and·puU�e-pnmp
from the rear case. .
'7-ps. INSPECTION OF OIL. PUMP. [Figure 1-83]

· Inspect the teeth for pitting _and uneven contact. The
gears should tum lreel:y and show no indication of inter•
f�i:ence with pump body. Oil passages must be dean..
Jnspect the body for cracks, scoring., and condition of
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Figure 7-82. Relief Valve Cap 

paint. Check the oil seal rings for scoring and loss of 
tension. 
7-99. INSTALLATION OF OIL PUMP. Install the
oil seal rings in position on the O.D. of the pump body.
Fit a new gasket over the mounting flange on the oil
pump housing. Install the oil pump in the rear case,
engaging the drive gear with the accessory intermediate
drive gear. Attach the pump to the rear case with wash-

. ers and nuts.
7-100. REMOVAL OF OIL STRAINER. Using PWA-
228 Wrench, unfasten the oil strainer cover nut; then
remo:ve the cover, spring, oil strainer, and. check valv.e-:
assembly [figure 7-84J. ·
7..,.101. INSPECTION OF OIL STRAINER. ffigun, .
7-85} Examine the strainer for the presence of metal
chips or foreign matter which may indicate a failure or
some other unsatisfactory condition in the engine. Inspect
the oil strainer for distortion or splits at the soldered
joints. Check the fit of the strainer in its chamber in the
rear case. Inspect the oil check valve to see that it is free
and seats properly. Check the spring pressure and exam
ine the cover for cracks and condition of paint.
7--102. INSTALLATION OF OIL STRAINER. Insert 
check valve assembly,· oil seal and oil strainer into 
chamber in rear case. Center a new oil chamber cover 
gasket on cover, using a srnaU amount of lubricating -
grease (Specification MIL-L-354.5) on both ,1;ides of the 
gasket. Install the gasket and cover. The gasket is to be
installed with the smooth side toward the shoulder of 
the cover (the crimped or asbestos-exposed side toward 
the engine). This procedure keeps the gasket from tum• 
ing and wearing a pattern into its sealing part while the 
·cover·.is being tightened; Tighten•the, c.:over with ,PWA-
228 Wrench. Lockwire the'cover. ·· --
7...:.103. OIL SUMP··iEMOVAL Unscrew the elastic
stop nuts which secute the rockerbox covers of cylinders
No. 5 and No. 6 which ace next to the sump. Disconnect
the hose connecdng them to the sump and remove the
,covers and hose. Remove the suction tubes from the
rear of the sump� [figure 7-86]. Remove the nuts which
fasten the upper ends of the tubes to the right hand side

Figure 7-83. Oil Pump 

of the rear section. Unfasten the clamps and remove the 
tubes. Unscrew the four nuts securing the oil sump to 
the engine, using 11 % inch universal socket and ratchet. 
Pull the sump from the engine fliguNt 7-17J. 

Figure 7-84. Withdrawing Strainer 

·i\"'":., ·.· 
. 

'. ;,,,1 ·; �-. :�. 

figure 7-85. Oil Strainer 
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Section VII TM 1-2R-R985-2 

Paragraphs 7-104 to 7-107 

7-104. INSPECTION. Inspect the sump for cracks
and condition of the paint. Seating surfaces must be clean
and smooth. Check scavenge strainer for distortion and
condition of soldered joint�. Make sure.that the strainer
is thoroughly cleaned before it js reinstalled.

7-105. INSTALLATION. Place the intercylinder sump
deflector on the sump while the latter is still on the bench
and secure it. Screw the oil drain plugs into the bottom of
the sump and tighten them with a 2 inch box wrench. Place
a new gasket on each mounting flange of the sump.
Install the sump on its mounting pads. Screw the fiber -
nuts on the studs using a ½ inch universal socket and
speed handle. Secure the two oil suction tubes to the
sump and rear case, tightening the nuts with a ½ inch
socket and speed handle, and install the tube clamps.
Reinstall rocker box covers and hose connections.

7-106. CARBURETOR REPLACEMENT. [Figure
7-88] Depending upon the particular installation, re
move the carburetor air scoop and disconnect the throttle
control linkage and mixture control linkage. Remove the
four nuts which secure the carburetor to the adapter,
and lift out the carburetor. Install the new carburetor
and secure it with the four nuts. Connect the control
linkages and reinstall the carburetor air scoop. Adjust
the throttle stop and idle mixture strength as directed
in paragraph 7-32.

7-107. STUD REPLACEMENT. Loose or broken studs
normally can be replaced witho.ut damage to the thread�
• in the hole. Select the proper oversize stud. Broken studs., .
can generally be removed by using the hole in the flange
of the mating part as a guide for a drill which is used to

spot a center in the broken stud after which a smaller
drill is used to drill out the central portion of the stud.
Drive some type of steel extractor, such as an Easy-Out

Figure 7-86. Oil Sump 

106 

t-: (i �
y )k I 

'""""- ! .. , I @: , ' . ' 1· ::. 
·
·•" 

·1

Figure 1-81. Removing Oil Sump 

. '.. . ·. . . . 

Fir,utei•?-88. Carburetor Replacement 
--F,'·· 
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TM 1-2R-R985-2 - Section VII 
Paragraphs 7-107 to 7-117 

or a home made extractor, - into ·the drilled· center and 
turn out the broken stud with a wrench on the extractor. 
To facilitate stud removal, heat may be applied to the 
particular locality. If a small amount of damage is noted 
in the threads of the hole where the stud was removed, 
dean the threads "'ith an oversize tap. 
7-108. The following table illustrates the various meth•
ods of marking oversize studs for identification. The
identifying mark is on the anchor end of the stud. The
conical projection or green dye for .004 inch oversize
studs, the conical cup or red .dye for .008 inch oversize
studs, and the drilled hole or purple dye for .012 inch
oversize studs are the Pratt & Whitney Aircraft standard
identifying marks. The other marking methods are illus
trated because th,:y are used by various vendors and may
be encountered in the field.

When installing an oversize stud in a stud hole 
which gyes completely through a pan, make 
sure that the anchor end of the stud does not 
project beyond the hole sufficiently to cause 
interference with other parts. If necessary, file 
off the anchor end enough to ensure against 
such interfe�ence; then reidentify the stud with 
the proper oversize mark. 

OVERSIZE +.004 IN, 

P .• W.A 11i-,ii!-;z�1m !lt•ndud Ott<.REtND'tt 

S:l•"'�No 

eWlth� .. 

Su,mpntlllo 

0W1tbtl'lltPN:fi. 

S1•inped OI' 

'$rril,ed.Lmr CD 
.. _ .. 

C) Smbcd ..... 

, . 

i 
i 

+.006 IN. 

U,!S:·1•1��m 
Otlt HOO¥!: 

B 
0 

CID 
(9 

! +.012 IN. 

11½/I we"""""""'""' 
e 

0 

<ITP 

CB 
"' 7-109. If one or two cyhnder fla_oge studs on any one

pad have failed, replace the failed studs and replace
the studs on each side of the failures. If more than two
studs have failed, inspect and, if necessary, lap the cyl
inder flange as directed in paragraph 7-74; replace cll
of the flange studs for that cylinder pad. Proper fit of a
stud is indicated by a driving tOl'9Ue of 250 to 4S0 pound.
inches. The driving torque must be within these limits;
otherwise, cylinder flange stu_d replacement is faulty.
7-110. TORQUE RECOMMENDATIONS.

7-111. The following torque values, in pound-inches,
are recommended for use during assembly of the subject
Pratt & Whitney Aircraft reciprocating engines. The
torque values for all· nuts, bolts and screws are based on
the use of a thread lubricant, such as engine oil or equiva-
lent, except where Otherwise specified .or where .the appli• -

· · .cable overhaul lubrications recommend a special lubricant
or surface coating. Torque values for interference fit ·
applications such as studs, pushrod cover cylinder con
nectors and pipe plugs may be obtained with or without
lubrication, unless otherwise specified.
7-112. Torque indicating devices should be checked
daily and calibrated by means of weights and a measured
lever arm to ensure accuracy. Checking one torque wrench

. against another is not suffident. Some . wrenches are 
quite sensitive as to the way they are supported during a 
tightening operation and instructions fu�islfed by their 
respective manufacturers should be followed. Tightening 
should be done slowly and evenly for consistency and 
accuracy. 
7-113. There may be certain instances, other than those
included under "Specific Recommendation" paragraph
7-124, where it is obvious that the torque recommenda
tions for tightening a nut on a bolt or stud of given size
should not be used, due to the kind of material or the
design of the engine parts involved. Common sense and
good judgment should� of course, be used in such cases.
7-114. After a castle nut, screw, or bolt has been tight•
ened to the proper torque, it should not be loosened
to permit the insertion of lock.wire or a cotterpin. If the
slots in a nut or the lockwire holes in a bolt or screw
are not properly aligned at the minimum torque limit,
the nut, screw, or bolt should be further tightened to the
next aligning position, but the maximum torque limit,
if any, must not be exceeded. l f  this alignment cannot
be accomplished without exceeding the maximum torque
limits, back off the nut, screw, or bolt half a turn; then
retighten. Occasionally, it may be necessary to select a
new part.
7-llS. Because of the necessary unconventional ·design 
of cylinder flange nut wrenches, particular care should
be exercised in tightening cylinder fiange nuts. The spec
ified torque limits apply only when Pratt & Whitney
Aircraft wrenches, or wrenches _ of identical design, are
used. See that the cylinder fiange nut wrench, the exten
sion, and the torque indicating handle are so assembled
that the handle is directly opposite the box end of the
wrench, and apply torque by rotating the assembly as a
unit. Do not let the shaft of the wrench twist to one side.

7-116. USE OF TORQUE WRENCHES WITH
EXTENSIONS OR AJ;)APTERS. 

7-117. Sometimes it is necessary to use a special ext�o
sion or adapter wrench together with a standard torque
wrench. In order to arrive at the resultant required torque
limits, ·the following should be used:

T:_ Designed torque on the pan. 
E = Effective length of special extension or adapter 

(See Figure 7-88A). 
L = Effective length of torque wrench. 
R = Reading on scale or dial of torque wrench. 
A = Distance thru which force is applied to part. 

R _ 
LT LT 

- A - 4E.

l 

A 

Figure 1-88A. · Torque Wrench And Adapter 
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Section VII TM 1-2R-R985-2 
Paragraphs 7-117 to 7-123 

Example: A torque of 1440 pound-inches is desired ona 
part, using a special extension, having a length of 3 inches 
from center to center of its holes, and a torque wrench, 
measuring 15 inches from center of handle or handle 
swivel to center of its square adapter. 

Th•n R LT 15 x 1440 ...... 1200
.. = L+E = 15 + 3 -

7-118. With the axis of the ext�sion or adapter and 
the torque wrench in a straight line, tightening to a 
wrench reading of 1200 pound-inches torque will pro
vide the desired torque of 1440 pound-inches on the part. 
7-119. GENERAL RECOMMENDATIONS.
7-120. If a pipe plug is found to leak after it has been
tightened to these limits, it should not be tightened

---
PLAIN NECKED 

STIPPID STUDS 

Torq&Nt Limil, 
TlireodSiH Minimum Maximum (Nut End} 

'1ain ond N•clc•d ,lain Nuked 

9.36 10 30 30 
10-32 15 50 '5 

12•28 20 · 75 65 
¼-28 40 125 115 
.¾',-2, 85 260 240 
¾-24 160 .500 .A.50 

�.-20 200 800 700 
½-20 250 1300 1150 

'<,-18 425 1800 1600 
¾-18 625 2600 2400 
¾-16 1100 A600 4200 

·NUTS, IOLTS, AND SCREWS 

limit, 
Thread Si;re 

Min. 

8-32 15 
8-36 15 

10.2.C 20 
10.32 20 
12-24 35 
12-28- 35 

¼-20 50 

¼-21! 65 
Ji',.1s 110 

�.-2 .. 125 
¾-16 200 

108 
. . 

• -- J"i.,�•,,'1vi ·-,··�-�-"'"'""'": 

Max. 

20 
20 

30 
. 30 

45 

"' 

70 
85 

1.50 
170 
270 

limits 
Thread Sin 

Min. Max. 

¾-24 225 300 

1f,.u. 325 "30 

¾.-20 360 -480 

½-13 .500 650 
½-20 560 750 
f<,.12 700 · 950 

U,-11 ., .. ,. 800. 1050 
J-•• 11 1000 1300 
¾-18 1150 1500 
¾-10 1700 2300 
¾-16 2000 2600 

.. further, but should be removed and more seal.4Jg con: 
pound applied to the threads. The plug should the1 
be reinstalled and .retightened to the desire3 limits. 

7-121. When plugs ate tightened in a hot engine, th
torques .ttrommended above should be reduced 2()0'Ji
owing to the different expansion characterisdcs of th
steel plugs and the aluminum or magnesium cases.

7-122. If the torque required to drive a stud to th1
correct projection length should not come up to tb
minimum or should exceed the maximum given above
llnother stud should be selected.

7-123. The above geberal recommendations should bl
followed with the exceptions included in the followin1
list:

STANDARD STUDS 

-
PLAIN NECKED 

Driving Torque Limit, 
Thr1tOd Size Minimum Mol<imvm 

Plain and Nec.,d Plain Neclr«J 

8..32-36 10 30 30 

10.2-4-32 15 '5 AO 

12-24-28 20 70 65 

¼-20-28 AO 105 95 
k'.-18-2' 85 230 210 
¾-16-24 160 425 375 

�-14-20 200 675 600 

½-13-20 250 1050 950 

tl'.-12-18 .-25 1500 1400 
¼-11-18 625 2100 1900 
¾-10.16 1100 3800 3500 

STHL PIPIE PLUGS IN ALUMINUM AND MAGNESIUM CASIS 
-

1lin,odSize 
Torque limil1 

Minimum Mcu,in111m 

Ji', in. A.N.l'.T. 30 AO ... -·
¼ in. A.N.l'.T.· 30 AO 

.. ,. .. ¼ in,,A.N.l'.T. 70 ;-115 

¾' • . ,.. A.N.P.T. 70 15 

¾ in. A.N.P.1. 95 110 

½ in. A.N.,.f. 'IMO 160 
¾ ' A '  ,r•'1n.. .t,.P•: • · �1) 210 230 
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7-124. SPECIFIC RECOMMENDATIONS.

Engine Parts 

Cylinder Flange Nuts ............... .. . 

Dehydrating Plugs 

Cylinder . : .. 

1 in. Thread and ¾ in. Thread 

Palnuts .. 

Pushrod Cover Nuts . . .. ... 

Propeller Shaft Thrust Nut .... 

Rigid Bracket Mounting Nuts 

TM 1-2R-R985-2 Section VII 
Paragraphs 7-124 to 7-126

.300 to 350 pound-inches 

20 to 2S pound-inches 

�5 to 45 pound-inches 

Snug; then an additional 
¼ turn. 

125 to 150 pound-inches 

Tighten thrust· nut 250 
pound-feet, then 

through an angle of 
25" to 30°; 

400 to 450 pound-inches 

Rockerbox Cover Nuts .................................................. .......................... , ................... :----··'··. 60. to 75 pound-inches 

Rockershaft Nuts .·.......................................................................................................... .... 200 to 250 pound-inches 

Rockershaft Caps and Nuts (Aluminum) 

Sparkplugs .......................................................... ........................................................... · 

Sparkplug Lead Coupling 

1/s • 24 Thread . . . . . .. ... . .. . . . . .. . ............. '"........ .. . ................................. ................................ . 

¾ · 20 Thread .. .... .. .. .. 

Thrust Bearing Cover Nuts ................. : ............................................................................ . 

Valve Adjusting Screw Locknut ......... ................. ............. ................. ........ . . . .. . 

65 to 100 pound-inches 

300 to 360 pound-inches 

100 to 120 pound-inches 

140 to 160 pound-inches 

100 to 150 pound-inches 

300 to 350 pound-inches 

7-125. llMITS. - , ... , the..requiredJit,.The expression "By Selection'�.indicates
7-126. These tables should be used in conjunction with th�t it may pe necess�ry to selec� other parts or relati�n-
the Limits and Lubrication Charts for the R-9B5 series ships of parts to obtam the required fit. Unless otherwise 
engines. The symbol "T" in the Minimum and Maximum specifi�d, fits are _diametrical. Referen� �umbers. n_ot
columns indicates a tight fit. The symbol "*" indicates hsted 10 the followmg tables but appearmg 10 the Limns 

. that worn parts should be rc!placed if any looseness and Lubrication Charts are required only in overhaul 
is found. The expression °Fit To" indicates that a procedures, and are covered in TM l-2R-R985;,. 
fitting operation may be necessary at assembly to obtain 
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Section VII 

Ref. Chart 

No. No. 

4 1 

5 1 

7 1 

8 1 

28 

35 

36 1 

39 1 

40 1 

41 1 

43 1 

46 1 

47 1 

48 1 

49 1 

50 1 

51 1 

TM 1-2R-R985-2 

Description 

Thrust Bearing Liner - Front Case ................. .................. (Shrink) 

Thrust Bearing -Bearing Liner ... .. 

Min. 

.002T 

.0002 

Thrust Bearing Cover Ring Pinch -Thrust Bearing 
Cover .. (Fit To) .004T 

Propeller Control Oil Feed Tube -Thrust Bearing Liner . 

Pushrod BaU Socket -Valve Tappet ........ . .. ... .. . ........... . ..... . 

Pushrod Ball Socket -Valve Rocker .. . .... . ............ . .. 

Pushrod BaJlend -Pushrod 

Inlet Valve Guide -Valve ................ .. ... .. ... . ...... . 

Inlet Valve Guide -Cylinder Head 

.000 

.0005T 

.000 

• 0015T

.0015 

.ooo5T 

Inlet Valve Seat -Cylinder Head .......................................... :.(Sluink) .0065T 

Cold Valve Oearance (Inlet and Exhaust) ..................................... . ·.010

Exhaust Valve Guide-Valve .003 

Exhaust Valve Guide -Cylinder Head ............................... ............ ....... .OOOST 

Exhaust Valve Seat -Cylinder Head ........................................ (Shrink) .0065T 

Rocker Bearing-Valve Rocker .. .................................................. ::......... .OOQST 

Rocker Bearing - Rocker �haft .000 

Rocker Shaft Bushing -Shaft ..................................................... .. .000 

52 1 · .Ro.ckei: Sh.aft .Small Bushing -Cylinder Head .. ........................... . . .OOIT 

53 1 Rocker Shaft Bushing - Shaft .............. ..... . .000 

1 Rocker Shaft Bushing - Cylinder Head .OOIT 

55 1 Rocker Oil Manifold - Front Section .000 

110 

Max. Replace 

.006T • 

.002 .004 

. oosT • 

.0015 .003 

• 002ST • 

.002ST • 

,0035T • 

.004 .010 

.003T • 

.0lOT • 

.010 

.ODS, .010 

.'J03T • 

• 0l0T • 

.0015T • 

.0008 .0015 

,001 .002 

.004T 

.001 .002 

.004T 

.002 .004 
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Ref. Chart 
No. No. 

301 1 

302 1 

TM l-2R-R985-2 
Description Min. 

Pistonrings - End Oearance 

Five Groove Piston, Straight Bo� { Top Groove .................................................. � 2nd Groove ................................................. . 3rd Groove .................................................... • 4th Groove ... ....................................... · ........ .. Sth Groove .................................................. .. 
.022S 

.022S .0225 
.0225 

.0115 

Five Groove Piston, Tapered Bore 

Pistonring Side Clearance 

Five Groove Piston (Straight Type Rings) 

Five Groove Piston (Wedge Type-Top · Three Rings)

(Rectangular and Wedge Type Rings) Top Groove ................................................. . 2nd Groove ................................................. . 3rd Groove .................................................. .. 4th Groove .................................................. .. 5th Groove ........................... .-....................... . (With Chrome-Moly Barrels Using Com• pression Ring in Place of Scraper Ring) 5th Groove· ................... : ........................ : ...... � 

Top Groove ................................................. . 2nd Gtoove ....................... , ........................ �. 3rd Groove ................................................... . 4th Groove ............................................... : ... 5th Groove ................................................... . 

· ... .,''Iop�Groove .......................... ,,,.�······--............ . 2nd Groove ................................................. . 3rd Groove .................................................. .. 4th Groove .... : ......... : .................................... . 5th Groove ................................................... . (Wedge Type Ring Oearance is.Measured with Outer Face of Ring Flush with Piston) 

.052 

.0515 .0515 .0515 • 0115

.0515 

.007 .0055 .003 .0035 .001 

• 002.002
.002 

. • 0035 .001 

Section VII Paragraph 7-126 
Max. 

.0295 

.0295 

.0295 

.029S 

.ors5 

.062 

.0585 

.0585 

.0585 

.0185 

.OS85 

.009 .0075 .005 .007 .0035 

··•· ,.09§._ ..006.006 .007 .. 0035 
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Section VII TM 1-2R-R985-2 
Paragraphs 7-126 to 7-127 

Ref. Chart 

No. No. Description Min. Max. Repl 

303 l Pistonpin - Piston
(Light Hand Push Fit When Parts Are Oiled and at Room 
Temperature) , o s * • • - - • • <  "'" . .  , .00 

304 1 Pistonpin Plug - . . . .. .. (Service Fie) • 0015T ,OOT • 

30S 1 Piston - Cylinder Barrel , ..... ...... .018 .022 .02 

306 1 Pistonpin Bushing - Pin .0017 .0033 .00 

307 1 Pistonpin Bushing - Master and Linkrod .0045T .006T • 

652 1 Oil Return Check Valve - Valve Guide • • H• '" .... . • 0 "• • � •  • • • ·  • .0005 .0035 

702 1 Oil Pressure Relief Valve Piston - Body . .002 .006 .011 

7-127. SPRING PRESSURE.

Ref. Chart 
No. Ne.. 

27 1 

37 1 

38 1 

. 44 1 

45 1 

617 1 

Description Min. Replc 

Valve Tappet Spting 
Dia. Wide .051 at 11/s" ............ :................................. .................................. ......... . ... 4# · 2# 

Inlet Valve Spring (Inside) 
Dia. Wire .154 at 11/:{' ................................................................................................ ·..... S3# 48# 

Inlet Valve Spring (Outside) 
Dia. Wire .183 at 1½" .. ,................... .............................................................................. 68.5# 64# 

Exhaust Valve Spring (Inside) 
Dia. Wire .162 at 1½" ............. ........ ............................. , ......................... " ..................... . 

Exhaust Valve Spring (Outside) 
Dia. Wire .192 at½" ................................ : ................ ,..................................... 79½# 

Impeller Spring Drive Spring 
.Rectangular Wire at J's".: ........................ ................................................................... ,..... 9S# 

75# 

653 . 2 · · Oil Return Check Valve Spring .. 
Dia. Wire .Q38_ at 13/16'' ................... ,: ..... , ... 

654 2 Oil Screen Retaining Spring 
Dia. Wire .069 at l•3/J2" .................... .... ................... ............. . 9# 

703 2 Oil Pressure Relief Valve Spring 
Dia. Wire .0625 at 1-7/16", ................................... , ............ ................ .. 19# 
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SECTION SHOW1lc1 
ROCKER OIL ruo

TM 1-2R-R985-2 

SECTION THRU INLET 

VALVE AND ROCKER 

21 

B 

FIGURES CONTAINED o,,i THIS CHAIIT Alla: ftl[l"l[RllNCll NUMaEl'lS 
ONLY. CLEARANCE VALUES WITH THIEIII c0111u:al"ONOING l'llll"l[II
ENCE NUMBERS llFtE CONTAINED IN THlt TABLE 01" CLllAftANCES 
FOR THE SUBJECT ENGINE MODELS. 
COLORS SH OWN ON THIS CHAIIT INOICATF.: THE ENGINI[ OIL CIII• 
CULATION AS FOLLOWS: 

- a PRESSURE OIL 
i':.,illl a "ETUl'lN OIL 

figure 7-89. Limits and Lubrication Chon 

li'E,j'-----m�--48 

'9-t---;;.+---,,47 

Section VII 

SECTION TH"U 
ROCKER IIOLT 
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SECTION TtflU 
REAR BREATHER 

TO L!Jfll'IICATE 
�PI..MP 

SECTION THRU 
TACHOMETER DRIVE 

----en MAIN 01L PRESSVRt 
994 GAGE CONNECTION 
eee 

H7 

eee 

911 

•

. 
j!;:�:--• l', 

. ,;>-'-:
�- .. · 

985 

SECTION THAU TONGUE 
VACUUM PUMP DRIVE 

TO LUBRICATE 
VACUUM PUMP 

SECTION THRU SPLINE 
VN:.IJUM Pl.MP DRIVE 

708 

Section VII 

114 

SECTION THRU 
PLUGGED OIL 

BYPASS 

TM 1-2R-R985-2 

FROM 

SCAVENGE OIL FROM 
ROCKER eox DRAIN SUMP 

1411 

SECTION THRU 
OILF££0PIPE5 

SECTIOH THRIJ 
Ol.. PUMP 

SCAVENGE SECTION 

PRESSURE SECTION 

M-J...,. ___ SCAVE NGE SECTION 

FIGURES CONTAINED ON THIS CHART ARE REFERENCE NUMBERS 
ONLY. CLEARANCE VALUES WITH THEIR CORRESPONDING REFER• 
ENCE NUMBERS ARE CO ... TAINEO IN THE TABLE Of' CLEARANCES 
FOR THE SUBJECT ENGINE MODELS 

COLORS SHOWN ON THIS CHART INDICATE THE ENGINE OIL CIR• 
CULATION AS FOLLOWS 

- :: PRESSURE OIL 

11!91 RETURN OIL 

Figure 7-90. Limits and Lubrication Chart for Reor Section 
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I Tool No, 
! 

iPW A-312-11 

PWA-4SS 

PWA-459 

PWA-S20 

PWA-614 

iPWA-671 

PWA-737 

PWA-1313-T-3 

[PWA-1415 
i 
IPWA-1526 

rWA-1683 

· /PWA-1787

�WA-1791

IPWA-1886

iPW A· 1937-20

Tool N11me

Holder 

Holder 

Sling 

TM 1-2R-R98S..2 

SECTION VIII 

TOOLS 

Applirlllion 

Lapping valves (inlet) 

Lapping valves (exhaust) 

Lilting engine 

Pointer Tuning engine 

Bar Turning crankshaft 

Wrench Turning oil strainer cover 

Wrench Intake pipe nut 

Clamp Compressi.tg pistonrings 

Indicator Checking cylinder bore 

Depressor Depressing rocker· 

Compressor CoIQpressing valve springs 

Eye Lifting engine 

Drift And Base · Removing and installing r ocketbearing

Wrench Removing and installing relief valve body

Gage Inspecting exhaust valve

Gage .. Checking cylinder bore (Use wi�h PWA-312-11)

Puller 

Drift 

Tap 

Wrench 

Wrench-

Pliers 

Wrench 

Crimper 

Removing oil pump 

Installing oil seal-s 

Spar kplug bushing 

Removing and installing sparkplug lead 

··· .Dil·sump dr.ain phig

Removing and installing pistonrings

Removing and installing ignition manifold 

Crimping ignition cable ferrule 

Section VIII 

P;gu,e No. 

7-22

7-22

7-78

7-70

7-'3 

7-61

4-27

7-68

7-80

7-76

7-70

7-24

7-72
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Section VIII 

. -Tool No. Tool.Nt1111e 

P'\t'A-2006 Wrench 

PWA-2151-1 Drift 

PWA-2199 Lap 

R.fl-W-3570 Wrench 

RO•A-45 Adapter 

PWA-2285 Drift 

PWA-2388 Hook 

PWA-2397 Wrench 

PWA-2398 HandJe 

PWA-2399 Wrench 

PWA-2411 Handle 

PWA-2417 Indicator 

PWA-2488 Holder 

PWA-2630 -20 Gage 

PWA-2834 Holder 

PWA-3145 Puller 

PWA-3168 Wrench {7 /8) 

PWA-3201-1 Gage 

PWA-3252 Plug 

PWA-3372 -· Compressor

PWA-3639 Wrench

PWA-3762 Puller . 

PWA-3926 Remover 

R85-I-407 S Indicator 

PWA-4152 Driver 

PWA-4251-10 Pusher 

R41-G-41S Gage 

-P'\t'A�4877 ,0Puller-

PWA-5072 Wrench 

PWA-5630 Wrench 

R85-P-31300 Plate 

R-85-S,62000 Stand 

11, 

TM 1-2R-R98S-2 

.A.ppli,lllion 

Removing and installing cylinder 

Removing pushrod ballend 

Cylinder barrel flange 

Torque indicating 

Torque wrench

Installing fuel pump gear oil seal 

Lifting engine 

Removing cylinder 

Removing cylinder 

Removing cylinder 

Removing cylinder 

Timing magnetos 

Holding linkrod 

Inspection cylinder flange 

. Holding masterod 

. Removing intake pipe 

. Sparkplug 

Inspecting pistonrings 

· Sparkplug hole vent plug

Hose damp

Removing pushrod cover nuts

Removing oil seals

Removing e:maJ,ISt port cover:

Indicating spark advance

Adjusting valves

Removing pistonp.in

Adjusting valves

•. Removin g,:aro:hitistallin§'-ptishrod 'bid lend

Removing intake pipe

Pushrod gland nut 

Mounting �ngine in R-85-S-62000 stand

Mounting <"ngine
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